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Vj ■ 30 km/b « 8.33 m/s 
vj = v? -t-2a,Ui ~ii) 
(8.33) 2 = 0 + 2 ^(20-0) 
= 1.74 m/s? Ans 

Vi = v, *■ q, t 
833 = 0 + 1.74(0 
t — 4.80 s Ans 


12-2. A car starts from rest and reaches a speed of 80 ft/s 
after traveling 500 ft along a straight road. Determine its 
constant acceleration and the time of travel. 


v a =* vf + 2^(1,-*,) 

V? = (18) 2 + 2<32.2)(50 - 0) 
v, » 59.532 = 59.5 ft/s Ans 

v, « v, + ; 

59.532 = 18 + 32.2(0 
t * 1.29 s Ans 


12-3. A baseball is thrown downward from a 50-ft tower 
with an initial speed of 18 ft/s. Determine the speed at 
which it hits the ground and the time of travel. 


- v? + 2n,(s, - s,) 
(80) 2 = 0+ 2<t(500- 0) 
= 6.40 ft/s 2 Ans 

v 2 » v, + t 
80 = 0 + 6.4(t) 

/ =■ 12.5 s Ans 


12-1. A bicyclist starts from rest and after traveling 
along a straight path a distance of 20 m reaches a speed 
of 30 km/h. Determine his acceleration if it is constant. 
Also, how long does it take to reach the speed of 30 km/h? 
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*12-4. A particle travels along a straight line such that 
in 2 s it moves from an initial position = +0.5 rh to a 
position Sg = —1.5 m. Then in another 4 s it moves from 

sg to Sc = +2.5 m. Determine the particle’s average To “ 1 ->a) • 2® 

velocity and average speed during the 6-s time interval. 

° Tout distance traveled (0.5 + 1.5+ 1.5 + 2 . 5 ) 

Total time traveled (2 + 4) » 6 a 

2 

= - = 0.333 m/s Am 


s 

6 m 

■J 

6'-/.5m 

j*— - 


X5r*i 

■ 

l _ 

l ^ S< 

i 

f 


=3 



“ 1 m/s 


Ana 


12-5. Traveling with an initial speed of 70 km/h, a car 
accelerates at 6000 km/h 2 along a straight road. How long 
will it take to reach a speed of 120 km/h? Also, through 
what distance does the car travel during this time? 


v = v, + n , 

120 = 70 + 6000(1) 

' = *.33{10- 3 ) hr = ao s 
1,1 ~ v ‘ + 2 «t(s - s,) 

(I20) 2 = 70* + 2/6000)^-0) 
1 * 0792 km * 792 m 


12-6. A freight train travels at v - 60(1 - e~') ft/s, 
where t is the elapsed time in seconds. Determine the 
distance traveled in three seconds, and the acceleration 
at this time. 


| — 



Prob. 12-6 


v = 60(l-e _ ') 

!' ds= } vdt= f’ 600-O* 
0 

s = 60(1 + OlJ 

S * 123 ft Ant 

dv 
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All * 3 s 

a = 60 «~ 3 = 2.99 ft/i 3 


Am 













12-7. The position of a particle along a straight line is 
given by s = (r 3 — 9 1 2 + 15t) ft, where t is in seconds. 
Determine its maximum acceleration and maximum velo¬ 
city during the time interval 0 < t < 10 s. 

j = l 3 - 9 1 2 + 15/ 


v = — =3r-- 18/+ 15 
dt 


dv 

a — — = 6/ — 18 
dt 


(‘max occurs at / = 10 s, 


a max =6(10) - 18 = 42 ft/s 2 


:3(10) 2 - 18(10)+ 15= 135 ft/s Ans 


*12-8. From approximately what floor of a building must 
a car be dropped from an at-rest position so that it reaches 
a speed of 80.7 ft/s (55 mi/h) when it hits the ground? 
Each floor is 12 ft higher than the one below it. (Note: 
You may want to remember this when traveling 55 mi/h.) 

(+ f) v 2 = ujj + 2 a c (s — so) 

80.7 2 = 0 + 2(32.2)(r - 0) 

■s = 101.13 ft 

# of floors = = 8.43 

12 

The car must be dropped from the 9th floor. Ans 


12-9. A car is to be hoisted by elevator to the fourth 
floor of a parking garage, which is 48 ft above the ground. 
If the elevator can accelerate at 0.6 ft/s, decelerate at 
0.3 ft/s, and reach a maximum speed of 8 ft/s, determine 
the shortest time to make the lift, starting from rest and 
ending at rest. 

+ t i> 2 — t’ 2 + 2a c (s — .vj) 


0 = v lw.\ + 2(—0.3)((48 — y) — 0) 



0 = 1.2v - 0.6(48 - >•) 
v = 16.0 ft, v, nax = 4.382 ft/s < 8 ft/s 


+ f v ~ Ui + a, t 


4.382 = 0 + 0.6/, 


t, = 7.303 s 


0 = 4.382 - 0.3/2 


h = 14.61 s 


/ = /, + / 2 = 21.9 s 


RSI IIW M ifcl d [.1 iM I 












*12-12. When a train is traveling along a straight track 
at 2 m/s, it begins to accelerate at a = (60 v~ 4 ) m/s 2 , 
where v is in m/s. Determine its velocity v and the position 
3 s after the acceleration. 


\— s —H 




-1~—— 

_ L „ . J 


Prob. 12-12 


12-13. The position of a particle along a straight line is 
given by s = (l.Sr 3 - 13.5/ 2 + 22.5/) ft, where t is in 
seconds. Determine the position of the particle when t - 
6 s and the total distance it travels during the 6-s time 
interval. Hint: Plot the path to determine the total 
distance traveled. 




3 = —(u 5 -32) 
300 v ’ 


V ■= 3.925 m/s= 3.93 m/s 
ads - vdv 


. vdv 1 J 

-= —vdv 

a 60 


(• l /- 3 - 923 , 

\ ds = — ( V s dv 

Jo 60Ja 

1 /V V« 3 

Is 


Position: The position of the particle when/= 6s is 

- !.5(6 5 ) -13.5(6 Z ) +22.5(6) - -27.0 ft An* 

Total Distance Traveled: The velocity of the panicle can be determined 
by applying Eq. 12-1. 

ds , 

v = — = 4.50 1 - 27,0/+ 22.5 

dt 

The tunes when the particle stops are 

4.50f I -27.0/+22.5 = 0 
and f»5s 

The position of the particle at/* 0s, 1 a and 5 s are 

r|,. 0 , = 1.5(0*) -13.5(0*) +22.5(0) =0 

= 1.5 (1 J ) -13.5( l 1 ) + 22.5( 1)» 10.5 ft 
H,.*. = l-3(5 3 ) -13.5(5 2 ) + 22.5(5) = -37.5 ft 

From the panicle's path, die total distance is 

r, ot = 10.5+48.0+10.5 = 69.0 ft Am 


C—a 


3 * "27-0H 3*0 *S"/03it 

"t* faS fmQ if«/5 
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12-14. The position of a particle on a straight line is 
given by 5 = (/ 3 - 9/ 2 + 15/) ft, where / is in seconds. 
Determine the position of the particle when / = 6 s and 
the total distance it travels during the 6-s time interval. 
Hint: Plot the path to determine the total distance 
traveled. 


1 = r 3 -9f i + t5* 

* 3^-18*-*-15 
dt 

v = 0 when /* l s and /= 5 s 

( = 0, i*0 
(= 1 S, i*7ft 

t a 5 *, i * -25 ft 

tsis, i * -18 ft An* 

i r »7 + 7 +25+ (25-18) “46 ft An * 


12-15. A particle travels to the right along a straight line 
with a velocity v — [5/(4 + s)] m/s, where s is in meters. 
Determine its position when / = 6 s it's = 5m when / = 0. 


dr _ 5 

dt ~ 4+i 


J* (4 + i) dr = 1 Sdt 


As + 0,5 1 2 — 325 = 51 


When! = 6 s. 


+ 8s - 125 = 0 


Solving for the positive root 
i = 7.87 m Ans 


*12-16. A particle travels to the right along a straight 
line with a velocity v = [5/(4 + s)] m/s, where s is in 
meters. Determine its deceleration when s = 2 m. 


vdv = ads 


5 / -5 di ) = 

f+l)\(4 + l) J J 


When s = 2 a 


a = -0.116 m/s 1 
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12-17. Two particles A and B start from rest at the origin 
s = 0 and move along a straight line such that a a = ( 6 1 — 
3) ft/s 2 and a B = (12r 2 — 8) ft/s 2 , where t is in seconds. 
Determine the distance between them when t = 4 s and 
the total distance each has traveled in t = 4 s. 

Velocity: The velocity of particles A and B can be determine using 
Eq. 12-2. 

dvj i = a A dt 


r«.-r 

Jo Jo 


( 6 1 — 3 )dl 


v A = 3 1 2 — 3 1 


S A = - 0.5 ft S A = <) S A = 40.0 ft 

r = 1 s t =Os t=4s 


d vg = agdt 


run /•! 

/ dv B = / (12r — %)dt 
Ja Jo 


v B = 41 3 - 8 r 

The times when particle A stops are 


,S„ = - 4.0 ft S B = 0 
/=V2s t=0s 


5 fl =192 
t = 4 s 


3r 2 — 3/ = 0 t=0s and = 1 s 
The times when particle B stops are 


4r 3 - 8/ = 0 r = 0 s and t = s/2 s 

Position: The position of particles A and B can be determine using 
Eq. 12-1. 

ds A = v A dt 


ds A — 1 (3r 2 — 3 t)dt 

o Jo 


: B - -t 2 
2 


Particle A has traveled 


d A = 2(0.5) + 40.0 = 41.0 ft Ans 

The positions of panicle B at / = s and 4 s are 

SB Lva = (v^2) 4 -MV2) 2 = -4 ft 


SB I, =4 = (4) 4 - 4(4) 2 = 192 ft 


Particle B has traveled 


ds B = v B dt 


d B = 2(4) + 192 = 200 ft Ans 


fXB /»! 

/ ds B = 

Jo Jo 


(4r - 8 t)dt 


sb = r - 4 1 - 

The positions of particle A at t = 1 s and 4 s are 


-v.4 l,=i s = l 3 - -(l 2 ) = -0.500 ft 


•*aU4s =4 3 --(4 2 ) = 40.0 ft 


At t = 4 s. the distance between A and B is 


A s AB = 192 - 40 = 152 ft Ans 






12-18. A car starts from rest and moves along a straight 
line with an acceleration of a = (3s~ 1/3 ) m/s 2 , where s is 
in meters. Determine the car’s acceleration when t = 4 s. 


a = 3r’’ 


12-19. A stone A is dropped from rest down a well, and 
in 1 s another stone B is dropped from rest. Determine 
the distance between the stones another second later. 



ads = vdv 






v- 3s 1 
iis 


vdv 


dt 


= 34 5 


7>dt 






* = ( w 

*l..4 =(2(4))* = 22,62 = 22.6 m 
<Ji,4 = 3(22.62) _I = 1.06 m/s 2 An* 


+ i 


* = s, + v, rn t 1 


” 0 + 0 + -(32.2)(2) 


s A = 64.4 ft 


s, = 0 + 0 + |(32.2)<1) 2 


s, = 16.1 ft 

A J = 64.4 - 16.1 = 48.3 ft 
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*12-20. A stone A is dropped from rest down a well, and 
in 1 s another stone B is dropped from rest. Determine J 
the time interval between the instant A strikes the water j 
and the instant B strikes the water. Also, at what speed j 
do they strike the water? 



12-21. A particle travels in a straight line with 
accelerated motion such that a = -ks, where s is the 
distance from the starting point and k is a proportionality 
constant which is to be determined. For $ = 2 ft the 
velocity is 4 ft/s, and for s = 3.5 ft the velocity is 10 ft/s. 
What is s when v — 0? 


B Is dropped one second after A, so that 
A f = 1 s Ana 

+ fl = S| +v o ,+ j<t* s 

80 = 0 + 0 + i(3Z2)(|*) 

I = 2.2291 s 
+ 4 v = v„ + n, t 
v = 0 + 32.2(2.2291) 
v = 71.8 ft/s Ans 

Also, 


V s = vl + la^s 


V s = 0 2 + 2(32.2)(80) 
v = 71.8 ft/s Ans 


a= -ks 
ads as vdv 

— k / s ds = / v dv 






Set s = 3 J ft, v = 10 ft/s. 
Then k = -10.18 = -10.2 s' 2 
When v = 0 

10-Wj - 2 ) = -8 
s = 1.56 ft 


Am 


A ns 
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12-22. The acceleration of a rocket traveling upward is 
given by a = (6 + 0.02s) m/s 2 , where s is in meters. 

Determine the rocket’s velocity when s = 2 km and the 
time needed to reach this altitude. Initially, v = 0 and 
s = 0 when t = 0. ads = vdv 



Sets = 2000 m 


t = 19.3 s 


12-23. The acceleration of a rocket traveling upward is 
given by a = (6 + 0.02s) m/s 2 , where s is in meters. 
Determine the time needed for the rocket to reach an 
altitude of s = 100 m. Initially, i> — 0 and s = 0 when 
t = 0. 










*12-24 At / = 0 bullet A is fired vertically with an 
initial (muzzle) velocity of 450 m/s. When t = 3 s, bullet 
B is fired upward with a muzzle velocity of 600 m/s. 

Determine the time t, after A is fired, as to when bullet i t 

B passes bullet A. At what altitude does this occur? + ^ s * = f**)* + *'’•'**° * + 2 ^ ’ 

s A = 0 + 450 » + ^(-9.81) f 2 

1 2 

+ tt, = (s*)o + (Vj)o» + 2 ^ ' 

j, = 0 + 600(1 - 3) + |(—9.81)<»- 3) 2 
Require s A = s, 

< 450 f - 4.905 r 2 = 600 r - 1800 - 4.905 r 2 + 29.43 t - 44.145 
I = 10.3 * Am 

s A = s, = 4.11 km Am 


particle moves along a straight line with an 
n of a = 5/(3s ,/3 + s s/2 ) m/s 2 , where s is in 


■12-25. A . 

acceleration F 

meters. Determine the particle’s velocity when j = 2 m, 
if it starts from rest when s=lm. Use Simpson’s rule to 
evaluate the integral. 


12-26. Ball A is released from rest at a height of 40 ft 
at the same time that a second ball B is thrown upward 
5 ft from the ground. If the balls pass one another at a 
height of 20 ft, determine the speed at which ball B was 
thrown upward. 



(3r> +r 2 ) 
ads = vdv 

J, (3rJ + ri) J ° 


0.8351 = V 
2 


v = 1.29 m/s A ns 


For ball # 1: 

(+i)j = j 0 + t> (> r+)'a t r 2 

20=0+0+f(32 2)? 

»= 1.1146 s 
For ball # 2: 

(+T)j = io + Vo»+£A* 2 

15 = 0+ l>,,(l.l 146) + ((-322)(1.1146) 2 
v, =31.4 ft/a Am 
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■12-27. A projectile, initially at the origin, moves 
vertically downward along a straight-line path through a 
fluid medium such that its velocity is defined as 
v = 3(8e~' + r) 1 ' 2 m/s, where t is in seconds. Plot the 
position s of the projectile during the first 2 s. Use the 
Runge-Kutta method to evaluate s with incremental 
values of h = 0.25 s. 


•s 

IM-I- 


= 0 at t = 0 

Using the Runge-Kutta method: 


s 

t 

0 

0 

2.01 

0.25 

3.83 

0.50 

5.49 

0.75 

7.03 

1.00 

8.48 

1.25 

9.87 

1.50 

11.2 

1.75 

12.5 

2.00 


*12-28. The acceleration of a particle along a straight 
line is defined by a = (2 1 - 9) m/s 2 , where t is in seconds. 
At t = 0, s = 1 m and v = 10 m/s. When t -■ 9 s, 
determine (a) the particle’s position, (b) the total distance 
traveled, and (c) the velocity. 


a •» 2»- 9 

J” dv = J' (2»- 9) it 

to o 

v — 10 - t 2 — 9 f 

v = p - 9 1 + 10 

f is = j' <t l - 91 + 10) it 


s -1 = -t 5 — 4.51 2 + 101 


inwt _ V* 




-JP-50W 


i = i; } - 4.5r 2 + 10/+ 1 
3 

Note when v = 0 aw 2 - 9/ + 10 = 0 

t = 1.298 s and t = 7.701 s 
When t = 1.298 s, s = 7.13 m 

When l = 7.701 s, s = -36.63 m 

Whent = 9s, s — -30.50m 

(a) j = - 30J m An* 

(b) Jr„ - (7.13-1) + 7.13 + 36.63 + (36.63 - 30.50) 

j r „ = 56.0 m A ns 

(c) v = 10 mVs Ans 
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12-29. A particle is moving along a straight line such that 
when it is at the origin it has a velocity of 4 m/s. If it begins 
to decelerate at the rate of a = (-1.5v 1/2 ) m/s 2 , where v 
is in m/s, determine the distance it travels before it stops. 


dv i 

a = — = -1, Jv ! 
dt 


j v'irfv* JJ-1,5 dt 

2v*|< * — 1.5<lo 
2 (^- 2 ) =-1.5/ 


v = (2-0.75/) 2 m/s (1) 


£* = / o (2- 0. lit) 2 <*=£(4-3/ + 0.5625/ 2 ) dt 

* = 4/- t.5/ 2 +0.1875/ 3 (2) 

From Eq. (1), the particle wilt stop when 


0 = (2-0.75») 2 


( = 2.667 s 


■sl..2.««7 = 4(2.667)-1.5(2.667) 2 + 0. 1875(2.667) 3 = 3.56 1 


12-30. A particle moves along a straight line with an j 
acceleration of a = 5/ (3s 1/3 + s 5/ ’ 2 ) m/s 2 , where s is in | 
meters. Determine the particle’s velocity when j=2m, 
if it starts from rest when s = 1 m. Use Simpson’s rule to 
evaluate the integral. 




ads = vdv 


,2_S*_ = fv 

1 ( 3 j(+i>) J ° | 


0.8351 = V 
2 


v = 1.29 m/s Ana 
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12-31. Determine the time required for a car to travel 
1 km along a road if the car starts from rest, reaches a 
maximum speed at some intermediate point, and then 
stops at the end of the road. The car can accelerate at 
1.5 m/s 2 and decelerate at 2 m/s 2 . 


Using formulas of constant acceleration: 


v 2 ■> 1.51, 


* = !<1.S)(J?) 
0 = v, - 2% 


V(- 0 -» V. *- 

I*—-—-- 

* looo-x 


1000 - x = v z t 1 - i<2)(«?) 

Combining equations: 
ti ~ 1.33 ^ | Vj — 2 


1000 - 1.33 4 = 24-4 
i, = 20.702 s ;= 27.603 s 


t = «, + ^ = 483 s 


*12-32. When two cars A and B are next to one another, 
they are traveling in the same direction with speeds v A 
and vg, respectively. If B maintains its constant speed, 
while A begins to decelerate at a A , determine the distance 
d between the cars at the instant A stops. 



Motion erf car A : 


v = v 0 +flfcf 


0 = vv A -o A » f=- 


v ! = vj+2n.(f-s„) 


0 * v A + 2<-a A )(J A - 0) 


Motion of car.fi : 


i, = Vj r=v, 


V?t J <?t 


Tbe distance between cars A and B is 


-!*» “ft I - I 


v A v t jj Ll^Vs-vj 


4t 2^1 I 2* 
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12-33. If the effects of atmospheric resistance are 
accounted for, a freely falling body has an acceleration 
defined by the equation a - 9.81 [1 - u 2 (10 4 )] m/s , 
where v is in m/s and the positive direction is downward. 
If the body is released from rest at a very high altitude, 
determine (a) the velocity when f = 5 s, and (b) the body’s 
terminal or maximum attainable velocity (as t —» 05 )• 


(a) «-^=9.81[t-v*0<r*)] 


[W-*] 


= j 9.8l(l0 _4 )rfr (t) 


=9.8l(l0' 4 )t 
100 VIOO/lo v 

tanh '* (l5o) = ( 9 - 81 ( 10 ' 2 ) 0 < 2 > 

v= 100 tanh (9.81 (lO -2 )(5)) 

= 100 tanh(0.4905) = 45.5 m/s A ns 

(b) From Eq. (2), with t -» 

v = 100 tanh ~ = 100 m/s A ns 


Also note that Eq. (1) can be written as 

+ 0 - 1 " 1 ]- 98 '’ 

When t- 5 s. 


100+_y _ o.ati _ j 5,57 
100-v 

10O+v= 266.7 - 2.667v 


v= i^2 =45.5 m/s Ans 
3.667 


12-34. As a body is projected to a high altitude above 
the earth’s surface, the variation of the acceleration of 
gravity with respect to altitude y must be taken into 
account. Neglecting air resistance, this aocetentnn ts 
determined from the formula a = -go + W 

where go is the constant gravitational acceleration at sea 
level, I is the radius of the earth, and the positive 
direction is measured upward. If go - 9.81 m/s and \ R 
6356 km, determine the minimum initial velocity (escape 
velocity) at which a projectile should be shot vertically 
from the earth’s surface so that it does not fall back to 
the earth. Hint: This requires that v - 0 as y -* *>■ 


v dv ■ a dy 


f a vdva - g °**[ji£y? 


V 2 0 , go* 2 “ 
2 » R + y o 


= ^2(9.81X6356X10)5 
= 11167 m/s= 11.2km/s 
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12-35. Accounting for the variation of gravitational 
acceleration a with respect to altitude y (see Prob. 12-34), 
derive an equation that relates the velocity of a freely 
falling particle to its altitude. Assume that the particle is 
released from rest at an altitude y 0 from the earth’s 
surface. With what velocity does the particle strike the 
earth if it is released from rest at an altitude yo = 500 km? 
Use the numerical data in Prob. 12-34. 


From Prob. 12-34, 


(+t) g = -so 


(*+y) 2 


Since g dy = v dv 




When y 0 = 500 km, y = 0, 

v- 6356(103) rw nxsmm 

Y esse^se+sooxio*) 

v = -3016 m/s » 3.02 km/si 


*rJLT .£ 

L^+yJro 2 


**} = 1 


v = -R\ 


2so(yo — y) ~ 
(/e+yK/t+yb) 


*12-36. When a particle falls through the air, its initial 
acceleration a — g diminishes until it is zero, and 
thereafter it falls at a constant or terminal velocity v f . If 
this variation of the acceleration can be expressed as a = 
(g/v})(v} - v 2 ), determine the time needed for the 
velocity to become v < Vy. Initially the particle falls from 
rest. 


Jo'?-'- 2 'jjo 

> J'airT.x, 

2 v f Uy-vJlo xj 
(= 

2 g {vy-vj 
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12-37. An airplane starts from rest, travels 5000 ft down 
a runway, and after uniform acceleration, takes off with 
a speed of 162 mi/h. It then climbs in a straight line with 
a uniform acceleration of 3 ft/s 2 until it reaches a constant 
speed of 220 mi/h. Draw the s-t, v-t, and a-t graphs that 
describe the motion. 



mi (1 h 5280ft 

», = 162- 1 — - = 237.6 ft/s 

2 h (3600 s)(l mi) 

vj = vf + 2^.(jj - s,) 

(237.6) 2 = 0 2 + 2(^)(5000-0) 


H. = 5.64538 ft/s 2 


v 2 = v, + nt 


237.6 = 0 + 5.64538 1 


t = 42.09 = 42.1 S 

_mi (lh) 5280 ft 

v, s 220 — ■ 

3 h (3600 s)(l mi) 


= 322.67 ft/s 


v 2 = vl + 2 n-O, - s z ) 

(322.67) 1 - (237.6) J + 2(3)(i - 5000) 
s = 12 943.34 ft 


v 3 ■ v 2 + nt 

322.67 = 237.6 + 3 1 


t = 28.4 s 




4«.-l 7».+ 
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12-38. The elevator starts from rest at the first floor of 
the building, [t can accelerate at 5 ft/s 2 and then 
decelerate at 2 ft/s 2 . Determine the shortest time it takes 
to reach a floor 40 ft above the ground. The elevator starts 
from rest and then stops. Draw the a-t, v-t, and s-t graphs 
for the motion. 



+ f Vj ■ v, + 

- 0 + 5», 
+ t v, * r, + 41 
0 = v»„ - 2t, 

Thus 


f, = 0.4 tj 


+ T 


1 


j a = i, + v,r+ -v; 


A = 0 + 0 + -(5)(rf) - ZStl 


+ f40-A = 0 + - 1(2) tj* 


+1 v J * vj + 20,(3 - s t ) 
= 0 + 2(5)(A -0) 
vi„ = 10 A 

0 = + 2(-2)(40-A) 

v* » 160 - 4A 


Thus, 

10 A - 160- 4A 


A = 11.429 ft 
v MaE » 10.69 ft/s 
~ 2.138 s 
tj - 5.34S s 
( = /,+(, = 7.48 1 


Am 


«■ ffVst) 


ir(M) 


\ 0 . 
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12-39. A freight train starts from rest and travels with 
a constant acceleration of 0.5 ft/s 2 . After a time /' it 
maintains a constant speed so that when t = 160 s it has 
traveled 2000 ft. Determine the time t' and draw the v-t 
graph for the motion. 

Total Distance Traveled : The distance for part one of the motion can be 
related to timet = t' by applying Eq.12-5 with s 0 =0and v a =0. 

(4) S sSo + Uof+iflrl 2 

s, =0+0+^(0.5)(O I = 0.25(f') J 

The velocity at time t can be obtained by applying Eq. 12 -4 with u„ = 0. 

(4) u = t> 0 + ^.f = 0+0.5f = 0.5t 

The time for the second stage of motion is tj = 160-/' and the train is 
travelling at a constant velocity of t> = 0.5f' (Eq.[l]). Thus, thedistance 
for this part of motion is 

(4) s 2 = vt 1 =0.5^(160-0 = 80t'-0.5(O J 
If the total distance traveled is s To , = 2000, then 

J Tot = *1 +S 2 

2000 = 0.25 (rf + SOf- 0.5(f) 2 
0.25(f) 2 -80t'+2000 = 0 

Chose a root that is less than 160 s, then 

f = 27.34 s = 27.3 s An* 

V-t Graph : The equation for the velocity is given by Eq.[lJ. When t -f» 
27.34 s, v = 0.5(27.34) = 13.7 ft/s. 


ra 


rckfi) 

/i-7 


-27-3 


*12-40. If the position of a particle is defined by s = 
[2 sin (7r/5)f + 4] m, where t is in seconds, construct the 
s-t, v-t, and a-t graphs for 0 :£ (== 10 s. 
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12-41. The v-t graph for a particle moving through an 
electric field from one plate to another has the shape 
shown in the figure. The acceleration and deceleration 
that occur are constant and both have a magnitude of 
4 m/s 2 . If the plates are spaced 200 mm apart, determine 
the maximum velocity v m3% and the time t' for the particle 
to travel from one plate to the other. Also draw the s-l 
graph. When t = t'j 2 the particle is at s = 100 mm. 



H: = 4 m/s 2 

- = 100 mm = 0.1 m 
2 

v 2 = vj + 2^(J-i 0 ) 

= 0 + 2(4)(0.1-0) 
v max - 0.89442 m/s Am 

v = v 0 + q. t’ 

0.89442 = 0 + 4<^) 

t ' * 0.44721 s Am 

1 2 

s - S« + V 0 J + - q. / 
s “ 0 + 0 + i(4)(t) 2 
* - 2» 2 

044721 

When t = —-— = 0.2236 = 0.224 s, 
2 

I ^ 0.1 m 


dv = - J' 4* 

0.IH 0.2235 



When / = 0.447 s, 
j - 0.2 m 


www.elsolucionario.net 





12-42. The v-t graph for a particle moving through an 
electric field from one plate to another has the shape 
shown in the figure, where t' = 0.2 s and v m „ = 10 m/s. 
Draw the s-t and a-t graphs for the particle. When 
t = t'/2 the particle is at s = 0.5 m. 



For 0 < / < 0.1 s 
v = 100/ 
dv 

a = — = 100 
dt 

ds = v dt 

{’ dt = /' 100/* 

0 0 

s = SO/ 2 

When / = 0.1 s, 

s = 0J m 

Fbr 0.1 s < / < 0.2 s 
v = -100 /+ 20 



ds « v* 

f' *=/' (-100/+ 20)* 

0.5 0.1 

s- 0.5 - (-50 1 1 + 20/- 1.5) 
/ = -50/ 2 + 20/- 1 
When / = 0.2 s. 
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12-43. The as graph for a jeep traveling along a straight 
road is given for the first 300 m of its motion. Construct 
the vs graph. At s = 0, v = 0. 


a (m/s' 4 ) 



a—s Graph: The function of acceleration a in terms of s for the interval 
OmSj< 200 m is 


n-0 2-0 , 

s-0 = 200- 0 a=(001,)m/S 

For the interval 200 m<rS 300 m. 

VCn/sJ 

.s-200 ~ 300- 200 a - ( ^ 02s + 6) ^ 

24, Z- 


zo-o~ 


v-s Graph : The function of velocity V in terms of s can be obtained by 
applying vdv = ads. For the interval0 m Si < 200 m. 


nJ=o-/s 

vdv = ads 

j" vdv = ['O.Olsds 

0 0 

~o 

s 

o = (0.1s) m/s 

At s = 200 m. u = 0.100(200) = 20.0 m/s 




For the interval 200 moS 300 m, 

vdv = ads 

J“ vdv=V (-0.02s s 6) ds 

20.0m/* 200 m 

t) = ( V-0.02 s* + 12s-1200) m/s 
Ms = 300 m, v = s/-0^(30py+T2(366)-T200 = 24,5 m/s 










*12-44. A motorcycle starts from rest at s = 0 and 
travels along a straight road with the speed shown by the 
v-t graph. Determine the motorcycle’s acceleration and 
position when t = 8 s and t — 12 s. 


At t = 8 s 


dv 

a = — - 0 
dl 


A s = Jvdt 


Ans 



1:48 m Ann 


12-45. An airplane lands on the straight runway, originally 
traveling at 110 ft/s when s = 0. If it is subjected to the 
decelerations shown, determine the time t‘ needed to stop 
the plane and construct the s-t graph for the motion. 



5 15 20 f 


tf(ft/S 2 ) 



-r 


Av = / adt 

0 - 110 = -3(15-5) - 8(20-15) - 3(1' - 20) 
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12-46. A race cars starting from rest travels along a 
straight road and for 10 s has the acceleration shown. 
Construct the v-t graph that describes the motion and find 
the distance traveled in 10 s. 



u -t Graph: The velocity function in terms of time t can be obtained by 
dv 

applying formula n = —. For time interval 0 s £t<6 s, 
at 


dv = adt 


Atr=6s, 


JV»- fir** 

o Jo 6 

«=(!/) m/ s 

u = -ji(6 3 ) =12.0 m/s 


For dine interval 6 s <1 £ 10 s. 


dv = adt 


At r= 10 s, 


r dv= f 6dt 

12.0n/a J 6a 

v = (6r-24)m/s 
W = 6(10) -24 = 36.0 m/s 


Position; Hie position in terms of time t can be obtained by 
ds 

applying o = —. For time interval 0 s £ t < 6 s, 






V’/kt* 


When r=6s. 


ds=vdt 


Mb'* 


• r = ^(« 4 )= 18 - 0 m 


For time interval 6 s </S!0 s, 


ds = vdt 


r = (3r*-24f+54)m 

Wben r= 10s, *=3(l0*) -24(10) + 54 = 114, 
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v(ft/s) 


12-47. The v-t graph for the motion of a train as it 
moves from station A to station B is shown. Draw the a-t 
graph and determine the average speed and the distance 
between the stations. 


For 0 £ K 30 s 


For 30 < r<90 s 


„ =^ = ^2 = 1.33 ft/s 2 
At 30 


Av n 
a =z —- =0 

At 


For 90 < »< 120 s * = f t = f^O = ft/S ’ 

As = J v tff 


s - 0 = ^(40X30) + 40(90 - 30) + ^ (40)(120 - 90) 


(V|p )av§ — 


s = 3600ft Ans 
As 3600 


At 120 


30 ft/s Ant 


*12-48. The velocity of a car is plotted as shown. 
Determine the total distance the car moves until it stops 
(/ = 80 s). Construct the a-t graph. 


Distance Traveled: The total distance traveled can be obtained by computing 
theareaunder the v-t graph. 

s = 10(40) + i( 10) (80 - 40)= 600m Ana 

a-t Graph: The acceleration in lams of time t can be obtained by 
dv 

applying a= —. For time interval 0 s < 40 s. 


dt 


dv 

a= — ~ 0 
dt 


For time interval 40 s < / £ 80 s. 


v -10 0-10 


r-40 80 - 40 


, t> = ^~r+ 20 j m/s. 


dv 1 i 

a- — = -0.250 m/s 2 

dt 4 
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12-49. The v-t graph for the motion of a car as it moves 
along a straight road is shown. Draw the a-t graph and 
determine the maximum acceleration during the 30-s 
time interval. The car starts from rest at s - 0. 



For t < 10 s : 


dv 

a = — =0.8f 
dt 


At r= 10 s : 


a «* 8 ft/s 1 


For 10<t£30s : 


vs/+30 



10 30 


dv 

a* — m 1 
dt 


a mtn * S ft/s 1 A ns 
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12-50. The v-t graph for the motion of a car as it moves 
along a straight road is shown. Draw the s-t graph and 
determine the average speed and the distance traveled for 
the 30-s time interval. The car starts from rest at s = 0. 



For f< 10 s, 


v = 0.4r z 


ds = v dt 


f ds = f 0.4( 2 dt 
J o Jo 


r = 0.1333f J 


At r= 10 s, 


s = 133.3 ft 


5 * O. 


For 10< t< 30 s, 


v = t+30 


ds = v dt 




5=0. ITVSi? 


s =0.5/ 2 + 30»-216.7 


At t= 30s, 


= = 1133 ft 


. . As 1133 , 

( v .p )a.» = ^ = -jQ- = 37.8 ft/s A ns 

s r = 1133 ft = 1.13(H) 3 ) ft An* 
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12-53. Two cars start from rest side by side and travel 
along a straight road. Car A accelerates at 4 m/s 2 for 10 s 
and then maintains a constant speed. Car B accelerates 
at 5 m/s 2 until reaching a constant speed of 25 m/s and 
then maintains this speed. Construct the a-t, v-t, and s-t 
graphs for each car until t = 15 s. What is the distance 
between the two cars when t = 15 s? 


When v* = 25 m/s, 


25 . 

la j«Jl 


V = Vo + 0 c f 


v* — 0+4-f 


At 1= 10 S, v* =40 m/s 
1 , 

s =so +«o t+-a c r 
s A =0+0+i(4)t* = 2t J 

At t= 10 s, sa — 200 m 

t> 10 s, ds = vdt 

f'* ds=\' 40 dt 
■>200 J lO 

s A =40t-200 
At t= 15 s, sa =400m 


v = V 0 + <M 


At t= 5 s. 


S = so + -At* 2 

s, = 0+0+i(5)l , = 2.S<* 


sb = 62.5 m 


ds = vdt 


f" ds = S'25 dt 
hi.s J 5 

s B -62.5 = 25 1 -125 

s B = 251-62.5 

When f= 15 s, St = 312.5 

Distance between the cats is 
As=s a -s» a 400 - 312.5 = 87.5ra An* 


Car A is ahead of car B. 









4-oo r 


io i r 





\0 l s 






2S\- "> 


% 




MS - -->5 


,r 
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12-54. A two-stage rocket is fired vertically from rest at 
,y = 0 with an acceleration as shown. After 30 s the first 
stage A bums out and the second stage B ignites. Plot 
the v-t and s-t graphs which describe the motion of the 
second stage for 0 < t < 60 s. 

For 0 < l < 30 s 


[ dv = f 0.0 
Jo Jo 


v - 0.00333/ 3 

When t = 30 s, v — 90 m/s 


f ds = f 0.00333 t 3 dt 
Jo Jo 

s = 0.000833/ 4 

When t = 30 s. .v = 675 m 

For 30 s < / < 60 s 


f—f 

J 90 J 30 


u = 15/ - 360 

When t = 60 s, i> = 540 m/s 




(15/ — 36Q)dt 


s = 7.5 1 2 - 360r + 4725 
When t = 60 s, s — 10 125 m 


a (m/s 2 ) 




/ 

a = 0.01/ 2 

/ 



v(m/s) 
540 h— 


30 60 

v = 0.(X)333r 3 


t* — 15/-360 

- /(s) 


s = 7.5 1 2 - 360/ + 4725 


30 60 

• s = 0.000833/ 4 


"12-55. The a-s graph for a boat moving along a 
straight path is given. If the boat starts at s = 0 when 
v = 0, determine its speed when it is at s = 75 ft, and 
125 ft, respectively. Use Simpson’s rule with n = 100 to 
evaluate v at ,v = 125 ft. 

Velocity: The velocity v in terms of ,v can be obtained by applying 
vdv = ads. For the interval 0 ft < s < 100 ft, 

vdv = ads 

f vdv = f 5ds 
Jo Jo 

v = (V 10.v) ft/s 

At s = 75 ft, v = VI 0(75) = 27.4 ft/s Ans 

At = 100 ft, v = VlO(IOO) = 31.62 ft/s Ans 

For the interval 100 ft < s < 125 ft, 
vdv = ads 

f t.‘ r 125 ft 


a (ft/s 2 ) 



Evaluating the integral on the right using Simpson's rule, we have 
2 ^ 

= 2888.53 

^ SI.62 ft's 

v = 82.3 ft/s Ans 


At.' r 125 ft 

j vdv = I [.s + 6(V / J — 10) 5/? ] ds 
J?, 1.62 ft/s J 100 ft 


etcniiiMMiFsiimiiisii 








*12-56. The jet plane starts from rest at s = 0 and is 
subjected to the acceleration shown. Determine the speed 
of the plane when it has traveled 200 ft. Also, how much 
time is required for it to travel 200 ft? 



a = 75-0. is* 

I’vdv . J'(75~0.1S*)dr 

0 o 

V « /iso* - 0.15 * J 
At* = 200ft 

V - /150(200) - 0.15(200)* « 155 ft/s 

ds 


dt 


ds 


« f I0 ° - 

0 0 V 150 * - 0.15*a 


t = 2.582 sin 


■i /0.31 - ISO yo* 

l 150 Jlo 


A as 


“ 2.39 s A ns 
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12*57. The v-t graph of a car while traveling along a 
road is shown. Draw the s-t and a-t graphs for the motion. 



° S ' S5 a = S = f = 4m/ * 2 

0.1 

J S f S 20 ,-Av,. 20-20 

4/ 20=7“° ^ 4 _ 

20S ts 30 „-4 y _ 0-20 

At 30 - 20 =-2m/s 

From the v- f graph at 4 = 5 s, fc = 20 s, and *3 s 30 s, 

, Si* 

*1 =' 4 « = — (5)(20) = 50 m 

4*3 - 

J 2 =Ai +A 2 = 50 + 20(20 - 5) = 350m 3S0 -■ 

x 3 =A, +A 2 +A, = 350+i(30-20)(20) = 4J0m ~ 

the equations defining the portions of thes-rgmp h am 

0S,i5 ‘ *-* £*-£«* ..a* 

!S,SM * *■* *’’* 

20 ^30 s v — 2 (30—• j. * » 

2(30 0. dssvdz / 3Jo dr./ 2o 2(30-0* * = -,* + 6 0t-4J0 


0. t-m/j*.) 


4*3 -c^!‘ 

3SO->3- 1 

^ I 1 


5^2t v 


: *.(.0t ~4*3 
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12-58. A motorcyclist at A is traveling at 60 ft/s when 
he wishes to pass the truck T which .s traveling a a 
constant speed of 60 ft/s. To do so the motorcyclist 
accelerates at 6 ft/s 2 until reaching a maximum speed of 
85 ft/s If he then maintains this speed, determine the tune 
needed or him to reach a point located 100 ft in front of 
the truck°Draw the W and s-r graphs for the motorcycle 
during this time. 


(!,„), =6° ft/s 


, 40 ft—f—55 ft 


(Vmh = 85 ft/s 



Motorcycle: 

Time to reach 85 ft/s, 

y = vo +a«f 

85 = 60 + 6r 

( = 4.167 s 
/ =i$ + 2o«(r-*o) 
Distance traveled, 

(85/ = (60) 1 +2(6Xs»-°l 
s m =302.08 ft 
In r = 4.167s, truck travels 
s, = 60(4.167) = 250 ft 
Further distance for motorcycle to travel: 
Motorcycle: 

s = Jo + Vo * 

(J+ 142.92) sO+851 1 
Truck: 

s * 0+60/ 

thus t =* 5.717 s 

r= 4.167 + 5.717 = 9.88 s An* 
Total distance motorcycle travels 

JT = 302.08 + 85(5.717) = 788 ft 


rCftk) 


40 + 55 + 250+100 - 302.08= 142.92 ft 


■fc g fc 


*7*8 


\OL 

\A 


fn 


30l.o%^c 

if 

_O - *" 

_J*-r- 

4o^f 1 

1 

- 34?*+ 


o-+ 

4i.n±* 
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12-59. The v-s graph for a go-cart traveling on a straight 
road is shown. Determine the acceleration of the go-cart 
at s = 50 m and s = 150 m. Draw the a-s graph. 


For o s $ < too 

v = 0.08 j, dv = 0-08* 
ads = ( 0 . 08 $) (0.08 dr) 
a ~ 6.4(l(r J ) $ 

At j = 50 m, a = 0.32 m/s 1 


ei+|- 




Ft* 100 < J < 200 
v = -0.08$ + 16, 
dv = -0.08 ds 

ads - (-0.08 J + 16)(-0.08 dr) 
a = 0.08(0.08 J - 16) 

At $ = 150 m, a = -0.32 m/s 2 


v dv = ads 


,dv 

a = v(-) 


All = 50 m, 


i = 4(—) = 0.32 m/s J 
^ 100 7 


Ats — 150 m. 


a= “ _0 - 32 m/,Z 


*12-60. The v-s graph for the car is given for the first 
500 ft of its motion. Construct the a-s graph for 0 -s s =s 
500 ft. How long does it take to travel the 500-ft distance? 
The car starts at s = 0 when ( = 0. 

a -s Graph: The acceleration a in terms of $ can be obtained by 
applying vdv = ads. 

a= v— = (0.1$ +10) (0.1) = (0.01$+1) ft/s 1 
ds 

At $ = 0 and $ = 500 ft, a = 0.01 (0) + 1 = 1.00 ft/s 2 and a = 0.01 (500) + 1 
= 6.00 ft/s 2 , respectively. 

Position : The position $ in terms of time t can be obtained by 
ds 

applying t> = —. 


ds 

V f= Jo0.i$+i6 

t= 101n(0.01$+ 1) 

When $ = 500 ft, r= 101n[0.01 (500) +1] = 17.9 s 
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12-61. The as graph for a train traveling along a 
straight track is given for the first 400 m of its motion. 
Plot the vs graph, v = 0 at s = 0. 


a (mis 2 ) 


0^2°°: a = —s 


ads =vdv 


f-L_*«r 

Jo 100 J 0 


200 2 



Ats = 200. v = 20m/s 


200iiS400: a = 2 


a ds = vdv 


[ 2ds= [' vdv 
Jioo J 20 

2(s-200) = ^(^-400) 






.\T-z 


■200 4oO 


v 2 = 4s-400 


At s = 400 m, v = /4(400)-400 =34.6 m/s 


12-62. The graph for an airplane traveling on a straight 
runway is shown. Determine the acceleration of the plane 
at j = 100 m and s = 150 m. Draw the as graph. 



For 0 & s < too m 


ads -viIv 

ads — 0.4 s (0.4 44) 


a = 0.16s 


Ais = 100 m, a = 16m/i 
For 100 m < s 5 200 m 
ads — v dv 

ads = (30 + 0.1 s)(0.1 <&) 


a = 3 + 0.01 s 


Ats = 150 m, fl = 4.5 m/s 
Ats = 100 m, 0=4 m/s 1 
Ats = 200 m, a=5 m/s 1 
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Since / ads = j vdv 
0 


12-63. Starting from rest at s = 0, a boat travels in a 
straight line with an acceleration as shown by the as graph. | 
Determine the boat’s speed when s = 40, 90, and 200 ft. 



I 


J ads = iv 2 

v s ^2 J ads 

/ ads = am under a-s graph. 

For s = 40 ft 

v « /2(2)(40) = 12.7 ft/s Ana 

For s = 90 ft 

v = J 2(2(50) + 4(40)J « 22.8 ft/s Ans 


For s - 200ft 

v - ^2(2(50) + <(100) + i(50)(4+2)l 

v - 36.1 ft/» An 

Also, 

For 0£ J < 50ft 

fl « 2, vdv * 

/' Ids - /** 
v - A"r 

When r « 40 ft, v - i/4(40) - 12.7 ft/« 
When r - 50ft,v - JmM - 14.14 ft/» 
For 50 ft< r < l»ft 


o=-4, 

f' 4dr « /' ** 

•'jO 14.1* 

v = /8 r - 200 

Whenr - 90ft, v - /8(90) - 200 - 228 ft/s 
Whear - ISO ft, v - /8(90) - 200 - 31.62 ft/i 
For 150 ft < r < 250 ft 

a - r + 10 
100 

f' (—» + 10)<ir«f vdv 
iro 1 25 »•« 

V . (JL, 1 + 20r - llOO) 1 ' 2 
Wbenr - 200 ft 

v - [-—(200) 2 + 20(200) -HOOl” 2 
v - 36.1 ft/» Am 


Am 


WWW 


^TsoTuaoDan^TeT 







*12-64. The test car starts from rest and is subjected to 
a constant acceleration of a c = 15 ft/s 2 for 0 s / < 10 s.The 
brakes are then applied, which causes a deceleration at 
the rate shown until the car stops. Determine the car’s 
maximum speed and the time t when it stops. 

W = A, = (15)(10) = 150 ft/s A ns 

From the graph, for t > 10 a, a- 10) 

dv-adt 

r <*v=r ~(»-io)<* 

'no J t0 2 

v-150 * ~r 5** " 10eT 
2l2 Jio 

V* lSO-^+St+iaO^-ldO) 2 

«--r*+5r+125 
4 

When the car stops, v • 0 * “t 1 + St* 125 (1) 

Solving for the positive root, 
r» 34.5 s A ns 


a (ft/s 2 ) 



Using then-r graph, we can obtain the same result by requiring 
A, +Ai - (15X10)+ i(aXr-10)-0 

i3o+ i[4 ( ‘ _lo) ] (,_ l0) ”° 

~r*+5r+125*0 
4 

Which Is the same at Eq. (1). 


12-65. The as graph for a race car moving along a 
straight track has been experimentally determined. If the 
car starts from rest at s = 0, determine its speed when 
s = 50 ft. 150 ft, and 200 ft, respectively. 


Velocity : Hie velocity o in terms of s can be obtained by applying 
tvdv — ads. For the interval 0 ft 5, s <150 ft. 


Ats = 50ft, 
Ats= 150 ft, 


vdv = ads 

f vdv = J 5 ds 
0 0 

t> = ( / 10s) m/s 

t) = V 10(50) = 22.4 ft/s 
0 =/10(150) =38.7 ft/s 


A ns 
Ans 


a-5 10-5 (\ 2 

For the interval 150 ft<s S 200 ft, —^ a =^ S " 10 J ft/S 

vdv = ads 

C,rv. VdW= L«&- I °)' & 

V = [{fi S 


-s 2 - 20s + 2250 ft/s 


* 

At s = 200 ft, v = \j i (200 2 ) - 20(200) + 2250 = 47.4 ft/s 


Ans 


a (ft/s 2 ) 


10 



/ 

-v' ■ ' ‘ " : : 

; ■ : : " ■ ; v;;. 



150 200 


-s(ft) 


www.elsolucionano.net 








12-66. A particle, originally at rest and located at point 
(3 ft, 2 ft, 5 ft), is subjected to an acceleration of a = {6/i 
+ 12 A} ft/s 2 . Determine the particle’s position (jt, y, z) 
at / = 1 s. 


Velocity : The velocity express in Cartesian vector form can be obtained by 
applying Eq. 12-9. 

dv = adt 


dv = J' ( 66 + 12 r 2k ) dt 
v = {3r 2 i+4r 3 k} ft/s 

Position: The position express in Cartesian vector form can be obtained by 
applying Eq.12-7. 

dr=vdt 

J'dr = J'(3r 2 i + 4r 3 k)dr 

r, 0 

r-(3i + 2j+5k) = r 3 i + r 4 k 

r = {(r 3 +3)i + 2j+(f 4 + 5)k} ft 

When r=ls, r=(l 3 + 3)i + y+(l 4 + 5)k = {4l + y+6k}ft 
The coordinates of the panicle are 

(4, 2, 6) ft Am 


12-67. The velocity of a particle is given by v = 
{16r 2 i +4t 3 j + (5r +2)k} m/s, where t is in seconds. If the 
particle is at the origin when t = 0, determine the 
magnitude of the particle’s acceleration when t = 2 s. 
Also, what is the x, y, z coordinate position of the particle 
at this instant? 


Acceleration : The acceleration express in Cartesian vector form can be obtained 
by applying Eq. 12 - 9. 

I 

cfv I 

■ = -g * {32d + 12r 2 J+3k} m/s 2 i 

When r=2s, a= 32(2)1 +12( 2 2 ) j+5k = {64i+48j+5k} m/s 2 . The magnitude 
of the acceleration is 

a = fa+.d*+d} = t/64 2 +48 2 + 5 2 = 80.2 m/s 2 Am 

Position : The position express in Cartesian vector form can be obtained by 
applying Eq. 12-7. 

dr = vdt 


!' * ■» J # * (16f 2 i+ 4t 3 J + (St+ 2) k) dt 
r=£ jr 3 i+r“j+^r 2 + 2rjkj m 


When t = 2 s, 
16,. 


r= ( 2 ’) i + ( 2< ) J + [j( 21 ) +2 (2)Jk = {42.71 +16.0j+ 14.0k} i 
Thus, the coordinate of the partiefe is 

(42.7, 16.0, 14.0) ft Arts 
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**12-68. A particle is traveling with a velocity of 
v = {3Vte~°' 2 'i + 4e“ 0 ' 8 'j) m/s, where t is in seconds. 
Determine the magnitude of the particle’s displacement 
from t — 0 to t = 3 s. Use Simpson’s rule with n — 100 to 
evaluate the integrals. What is the magnitude of the 
particle’s acceleration when r = 2 s? 


12-69. The position of a particle is defined by r 
(5 (cos 2f) i + 4 (sin 2f)j) m, where t is in seconds and the 
arguments for the sine and cosine are given in radians. 
Determine the magnitudes of the velocity and 
acceleration of the particle when t - 1 s. Also, prove that 
the path of the particle is elliptical. 


ds = vdt 

Ajl =(^/t<- 02 '4r = 7.341 

HSy = J^4 e~ 0 >,i dt = 3.963 
Thus, 


As = ^(7.341)* + C3.963) 2 =8.34 m An* 

a, =*v, =0.1422 

fl> =v, =4<- , - ,,1 (-0.8)<2r)l„2 =-0 5218 


a = /(0.1422)* + (-0.5218) 1 = 0.541 m/s 1 An* 


Velocity : The velocity expressed in Cartesian vector form can be obtained by 
applying Eq. 12-7. I 

v = £ = {-lOsin 2d + 8cos 2rj} m/s 
dt 

When S= 1 s, v = -lOsin 2(l)i + 8cos 2(1)J = {-9.0931 -3.329J} m/s. Thus, 
die magnitude of the velocity is 

„ _ fif+v* = V (-9.093) 2 + (~3.329) 2 = 9.68 m/s Ans 

Acceleration: The acceleration express in Cartesian vector form can be obtained 
by applying Eq. 12-9. 

a = — = {-20cos 2d - 16sin 2<j} m/s 2 
dt 

When r= Is, , = -20cos 2 (l)i- 16 sin 2 (l)j = {8.323i-14.549j} m/.V Thus, 
the magnitude of the acceleration is 


a=<fOf+a$ = \/8.323 2 + (-14.549) 2 = 16.8 m/s 2 An* 

Travelling Path: Here, x = 5cos 2r and y = 4sin 2t Then, 


Adding Eqs[l] and [2] yields 


X 2 

— = cos 2r 
25 

>l = sin 2 2r 
16 


HI 

[ 2 ] 


2 2 

i_+.L = cos 2 21+ sin 2 2< 
25 16 


However, cos 2 2r+sin 2 2r= 1. Thus, 


t. = 1 (Equation of an Ellipse) (Q.E.D.) 

25 16 







12-70. The car travels from A to B, and then from B to 
C, as shown in the figure. Determine the magnitude of 
the displacement of the car and the distance traveled. 



Displacement: Ar= {21-3j} km 

Ar = ^22 + 31 = 3.61 km An* 


Distance traveled: 


d = 2+ 3 = 5 km An* 


12-71. A particle travels along the curve from A to B in 
2 s. It takes 4 s for it to go from B to C and then 3 s to I 
go from C to D. Determine its average speed when it goes ! 
from A to D. 


y 




s T = 1(2 n)(10)) + 15 + i(2*(S» = 38.56 

v „ fr a . 3836 ~ = 4.28 m/s A ns 

•P t, 2+4+3 


f 


*12-72. A car travels east 2 km for 5 minutes, then north 
3 km for 8 minutes, and then west 4 km for 10 minutes. 
Determine the total distance traveled and the magnitude 
of displacement of the car. Also, what is the magnitude 
of the average velocity and the average speed? 


Total Distance Traveled and Displacement: The total distance traveled is 
s - 2+3 + 4 = 91cm An* 

and the magnitude of die displacement is 

Ar=y'2 J + 3 J =3.606 km = 3.61 km An* 


Average Velocity and Speed ;Tbe total time is Af= 5+8+10 
= 23 min » 1380 s. The magnitude of average velocity is 


Ar S.eOOflO 3 ) 
t, * v « ~ At = 1380 


= 2.61 m/s 


and be average speed is 


An* 


( u «r).Y, 



9(H) 3 ) 

1380 


= 6.52 m/s 


An* 
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12-73. A car traveling along the straight portions of the 
road has the velocities indicated in the figure when it 
arrives at points A, B, and C. If it takes 3 s to go front A 
to B, and then 5 s to go from B to C, determine the 
average acceleration between points A and B and 
between points A and C. 


v, rn 21.211 + 21.21 J 


Av 21211 + 21C21J - 201 



• At = <0.4041 + 7.07 J} m/s 2 

Av 401 - 201 
* AC ~ A/ 8 

•ac = <2 JO I } m/s 2 


12-74. A particle moves along the curve y = e 2 * such 
that its velocity has a constant magnitude of v — 4 ft/s. 
Determine the x and y components of velocity when the 
particle is at y = 5 ft. 


Velocity : TaWngthp. first derivative of Ifae path y = e 2x , we have 


y = 2e lx x 


However, x - t) x and y = v y . Thus. Eq. [1] becomes 


Here, i> = 4 ft/s. Then 


v, = 2e 2x v x 


V 2 = V 2 + uj 
«* + «* = 16 


Solving Eqs.[2] and [3] yields 


v * = 4 V TZaTC 311(5 V ’ = 1 T^ 


My = 5 ft, 5 = e 2x , x = 0.8047 ft Thus, 


„ =4. ---=0.398 ft/s 

* Vl + 4e 4<0 ' 8047) 


. 4 ( 0 . 8047 ) 

„ = g, -= 3.98 ft/s 

V i+4e 4 <°- ,047) 


12-75. The path of a particle is defined by y 2 = 4kx, and 
the component of velocity along the y axis is v y = ct, 
where both k and c are constants. Determine the x and y 
components of acceleration. 


y 2 = 4fct 
2yv y =4 kv x 


2v* + 2 ya, = 4*a, 


fly « c A ns 
2(c/) z + 2yc = 4Aa, 


a, = ^(y+ c ‘ 2 ) An » 
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*12-76. A particle is moving along the curve y * 
* - (jc 2 /400), where .r and y are in ft. If the velocity 
component in the x direction is v x = 2 ft/s and remaihs 
constant, determine the magnitudes of the velocity and 
acceleration when x = 20 ft. 


XT 

VtUtciiy : Taking the first derivative of the path y=-x- —, we have 


y=i-_(2« ) 

*-•*“ 55 * 


However, i = v, and y = t),. Thus, Eq.[l] becomes 

*-*- 55 * 

Here, u, = 2 ft/s at* » 20 ft. Then, From Eq.[2] 


U1 


[ 2 ] 


Also, 


20 

»,= 2 - —(2 ) = 1.80Ws 


„ _ + „2 * /2* +1.80* = 2.69 ft/s 


A ns 


A cceltration : Tilting the second derivative of the pa* y = x -—, we have 


*-*“555 


[31 


However. x = a, and i = a,. Thus, Eq.[3] becomes 

141 

Since u, = 2 ft/s is constant, hence a, = 0 at x = 20ft Then, From Eq.[4] 

a, = o- ^[2* + 20(0)] = -0.020 ft/s 

Abo, 


a = JaF+o? = Vo 1 + (-0.020) 2 = 0.0200 ft/s 2 A ns 









12-77. The motorcycle travels with constant speed v$ 
along the path that, for a short distance, takes the form 
of a sine curve. Determine the x and y components of its 
velocity at any instant on the curve. 


y=c,ingx) 

*"f*HM* 

v,=Jc v ,(c°s£r) 

^[t+gcjces’g*)] 

v * =H, [ 1 + (z c ) l °°‘ 2 (z j: )I i A “ 

v ^^r( col H I+ G c ) Jco,2 (z")I i A “ 
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12-78. The particle travels along the path defined by the 
parabola y = 0.5x 2 . If the component of velocity along 
the x axis is v x = (5/) ft/s, where t is in seconds, determine 
the particle’s distance from the origin O and the 
magnitude of its acceleration when t - 1 s. When t u, 
x = 0, y = 0. 


Position : The x position of the particle can be obtained by applying the 
dx 

= <*' 

dx - v s dt 

j X (ft = J Stdt 
o o 

x= (2.50r 2 ) ft 

Thus, y = 0.5 ( 2.50/) 2 = ( 3.125/) ft. At r= 1 s. x = 2.5( l 2 ) = 2.50 ft 
and y = 3.125 (l 4 ) =3.125 ft The particle's distance from the origin at this 
moment is 

d = 7(2.50- O) 2 + (3.125 - 0/ = 4.00 ft Ans 

Acceleration: Taking the first derivative of the path y = 0.5x 2 , we have 
y = xx. The second derivative of the path gives 

y=X 2 +XX t 

However, x = v ,, x = a, and y = a, . Thus, Eq. [1] becomes 

a y =V 2 x +xa, l 

When t= Is, u, = 5(1) = 5ft/s, a, = = 5 ft/s and* = 2.50ft Then, 

from Eq. [2] 

a, = 5 2 + 2.50(5) = 37.5 ft/s 2 

Also, _ 

« = {a[+aL = /5*+37.5* = 37.8 ft/s 2 Ans 
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12-79. When a rocket reaches an altitude of 40 m it 
begins to travel along the parabolic path 
{y - 40) 2 = 160*, where the coordinates are measured 
in meters. If the component of velocity in the vertical 
direction is constant at v y = 180 m/s, determine the 
magnitudes of the rocket’s velocity and acceleration 
when it reaches an altitude of 80 m. 


v, = 180 m/i 


O’ - 40)* = 160* 


2O-40)v, = 160 v. 




(y - 40) 2 = 160* 



2<80-40)(180) = 160 v, 
v, = 90 m/s 

v - /90* + 180* = 201 m/s 
dv 


Prom Eq. 1, 


2v, + 20-40) = 160% 

2(180)* + 0 = 160% 


% = 405 m/s 1 


a = 405 m/s ! A ns 


*12-80. The girl always throws the toys at an angle of j 
30° from point A as shown. Determine the time between 
throws so that both toys strike the edges of the pool B 
and C at the same instant. With what speed must she 
throw each toy? 



C_ L 

0.25 m 


To strike B: 


(-») J = s 0 + v o t 
2.5 = 0+ v A cos 30°» 

(+ T) s = s 0 + V + 

0.25 = l + v„ sin30° t - ^(9.81)t z 


/ = 0.6687 s 


(» 4 ) # = 4.32 m/s 


To strike C: 


(->) s = r 0 + v„r 


4 = 0 + v, cos30’ / 


(+T)r = r 0 + v 0 r + ^%r* 


0.25 = 1 + 8in30° t - -(9.81)/* 


(v„)e = 5X5 m/t 


Time between throws: 


At = 0.790 s - 0.6687 s = 0.121 s 
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12-81. Hie nozzle of a garden hose discharges water at 
the rate of 15 m/s. If the nozzle is held at ground level 
and directed 9 = 30° from the ground, determine the 
maximum height reached by the water and the horizontal 
distance from the nozzle to where the water strikes the 
ground. 

(v 0 ), = 15 oos30° = 12.99 m/s 


(vo), = 15 sin30° = 7.5 m/s 
Maximum height: 

(+T) v 2 =i^ +2a e (s-s<>) 

0 = (7.5) 2 + 2<—9.81)(ft - 0) 
H = 2.87 m Ans 



Tune of travel to top of path: 
(+T) v = v<> +a c t 

0= 7.5 +(-9.81)/ 


t = 0.7645 s 


Total time along path 
t= 2(0.7645) = 1.529 s 


r, = v,t= (12.99X1.529) = 19.9 m An* 


12-82. The balloon A is ascending at the rate 1 
v A = 12 km/h and is being carried horizontally by the wind ( 
at v w = 20 km/h. If a ballast bag is dropped from the ' 
balloon at the instant h = 50 m, determine the time needed 
for it to strike the ground. Assume that the bag was released 
from the balloon with the same velocity as the balloon. Also, 
with what speed does the bag strike the ground? 


|‘k=12l 


v w = 20 km/h 




(+T)v 2 . v\ + 2 

v, 2 = (3.33) 2 + 2(—9.81)(—50—0) 
v y = 31.50 m/s 
(+1) v = v 0 + O' t 
-31.50 = 3.33 - 9.81 t 


t = 3.55 s 


v, - 20 km/h = 5.556 m/s 


v - / (31.50)2 + (5.556)2 = 32.0 m/s 
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12*83. Determine the maximum height on the wall to 
which the firefighter can project water from the hose, if 
the speed of the water at the nozzle is Vc = 48 ft/s. 


(+ T) V m v 0 + t 

0 = 48 sin® - 32.2« 

+ 

(-*) S m s 0 + V„ / 

30 = 0 + 48 (cos0)(Q 




v c = 48 




48 sind « 32.2 - 


sindcosd = 0.41927 
sin29 = 0.83854 


d - 28.5° 


r= 0.7111 s 


(+t)i« jj + vni+jni 1 


A-3 = 0 + 48 sin28.5°(0.7111) + i(-32.2)(0.7111) 2 


h = 11.1 ft Am 


■*12-84. Determine the smallest angle 9, measured 
above the horizontal, that the hose should be directed so 
that the water stream strikes the bottom of the wall at B. 
The speed of the water at the nozzle is % = 48 ft/s. 


(-»)* =» S 0 + v 0 f 
30 = 0 + 48 gob O t 


(+ T) J - *0 + Vo* + 

0=3+ 48«ind I + -(—32.2)» J 






. 4S sind (30) 30 ,, 

0 “ 3 + 48 coiF" " ,61< 48^ ) 


0 = 3cos J d + SOstodcosd - 6.2891 


3 cos I d + 15 sin2d = 6.2891 


d » 6.41° Ans 
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12-85. From a videotape, it was observed that a pro 
football player kicked a football 126 ft during a measured 
time of 3.6 seconds. Determine the initial speed of the 
ball and the angle 9 at which it was kicked. 



s s Jo + v 0 * 


126 = 0 + (uo)*(3.6) 
(v 0 ), =35 ft/s 

(+T) s = so+vot*--act 1 


0 = 0+(v„) y (3.6) + i(-32.2)(3.6) J 



(vq ) y = 57.96 ft/s 

vo = /(35) J -t-(37.96) z » 67.7 ft/s Ans 


e = tan' 1 = 58.9“ Ads 


s 7-Hft/j 


«4t/j 


12-86. During a race the dirt bike was observed to leap 
up off the small hill at A at an angle of 60° with the 
horizontal. If the point of landing is 20 ft away, determine 
the approximate speed at which the bike was traveling 
just before it left the ground. Neglect the size of the bike 
for the calculation. 


(-») S = J„ + V, t 


20 = 0 + v, cos 60” l 


(+ T) s = s 0 + v 0 + -dj. f- 




0 rn 0 + v A sin60° t + -(-32^) f 1 


I « 1.4668 « 


v A « 27.3 ft/« Am 
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12-87. Measurements of a shot recorded on a videotape 
during a basketball game are shown. The ball passed 
through the hoop even though it barely cleared the hands 
of the player B who attempted to block it. Neglecting the 
size of the ball, determine the magnitude v A of its initial 
velocity and the height h of the ball when it passes over 
player B. 


(->) s = s 0 + v„r 

30 = 0 + cos30“f,, 


(+ t) s = s„ + + -n.? 


10 = 7 + sin30“ t AC - l(32.2)(f c ) 


v A = 36.73 = 36.7 ft/s Ans 

t AC = 0.943 s 


(-*) S = S 0 + v«t 


25 = 0 + 36.73 cos 30° 


-25 ft-—— 4-5 ft- ! 


(+ T) s = s 0 + v 0 r + -c^t 2 


A = 7 + 36.73 sin30 • t At - i(32.2)(&) 


t A , = 0.786 s 


A — 11.5 ft Ans 


*12-88. The snowmobile is traveling at 10 m/s when it 
leaves the embankment at A. Determine the time of flight 
from A to B and the range R of the trajectory. 


(■*) S B - * A + v A t 


R = 0+10 cos40“ t 



(+ T) S, = S A + V A t + 

-Tf(-) = 0+10sin40“r- ^(9.81)f’ 
Solving: 

R = 19.0 m Ans 

t = 2.48 s Ans 
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12-89. The snowmobile is traveling at 10 m/s when it 
leaves the embankment at A. Determine the speed at 
which it strikes the ground at B and its maximum i 
acceleration along the trajectory AB. 



At all times a = t . ^ Am 

From Prob. 12-98: 

* = 19.0 m 
/ = 2.48 > 

<v<) ' = O'*), = 10 00340° = 7.6604 m/s 

(+t) ( v *)y = <V A ), + O', t 

(va), = 10 sin40° - 9.81 (2.48) = -17.901 m/s 
v * = SW&W + (-17.901)2 = 19J 


12-90. A golf ball is struck with a velocity of 80 ft/s as 
shown. Determine the distance d to where it will land. 


Horizontal Motion : The horizontal component of velocity is ( o 0 ) a 
= 80cos 55° = 45.89 ft/s. The initial and final horizontal positions ate (j 0 ) x 
= 0 and s x = <fcos 10°, respectively. 

(“0 =( J o), +(l>o),' 

dcos 10° = 0+ 45.89t [ 1 ] 

Vortical Motion : The vertical component of initial velocity is (t>o) r 
= 80s in 55° = 65.53 ft/s . The initial and final vertical positions are (s 0 ) ? =0 
and s y = dsin 10°, respectively. 



*, *(»o),+(t>o)j,»+2(A) y < 1 

<fein 10° = 0+65.53/+^ (-32.2) r* 


Solving Eqs. [1] and [2] yields 


d= 166 ft 
t= 3.568 s 
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*12-92. The man stands 60 ft from the wall and throws 
a ball at it with a speed y 0 = 50 ft/s. Determine the angle 
d at which he should release the ball so that it strikes the 
wall at the highest point possible. What is this height? The 
room has a ceiling height of 20 ft. 



v x = 50 cos© 

(-+) S - S 0 + v 0 t 

x * 0 + 50 cos 0 t (1) 

(+ T) v = v 0 + V 

v, = 5Osin0 - 32.2 1 (2) 

(+ T) s = x 0 + »„r + 

y m 0 + 50»ine t - tfi.l (* (3) 

(+t)v* s »3 + 2rt(*-l 0 ) 

vj = (SOstofl) 1 + 2(-32.2)(j-0) 
vj = 2500Jin 2 S - 64.4 j (4) 

Require v ? = 0 at J = 20-5 * 15 ft 
0 = 2500Jin 2 0 - 64.4(15) 

6 = 38.433® = 38.4® Am 

From Eq. (2) 

0 = S0sin38.433° - 32.21 
t » 0.9652 s 
From Eq.(l) 

x = 50co»38.433“(0.9652) « 37.8 ft 
Time for bill to bit will 
From Eq.(l), 

60 = S0(coi38.433®)l 
t = 1.53193 8 
From Eq. (3) 

y = 50rin38.433®( 1.53193) - 16.1(1.33193)* 
y = 9.830 ft 

A » 9.830 + 5 - 14 X ft Am 
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12-93. The ball at A is kicked with a speed v A = 80 ft/s 
and at an angle d A = 30°. Determine the point ( x, -y) 
where it strikes the ground. Assume the ground has the 
shape of a parabola as shown. 



(v x ), - go co*30° = 69.28 ft/s 
(v x ), = 80sin30‘ = 40 ft/s 

(A) S = S, + VqI 

x = 0 + 69.28/ (1) 

(+1) s = s, + v 0 < + 

-y = 0 + 40 f + ^(—32.2)1* (2) 

y = -0.04x* 

From Eqs. (1) and (2): 

-y = 0.5774 x - 0.003354 x 1 
0.04 1 2 = 0.5774x - 0.003354 x 2 
0.04335x J = 0.5774* 

X = 13.3 ft Ans 

Thus 

y « -0.04(13J) 2 « -7.09ft Ans 


12-94. The ball at A is kicked such that 0 A = 30°. If it 
strikes the ground at B having coordinates x = 15 ft, 
y = -9 ft, determine the speed at which it is kicked and 
the speed at which it strikes the ground. 



(-*) s ■ t 0 + V„1 

15 - O + v x cos 30® t 
(+ 1 ) s = * 0 + V 0 f + 

-9 » 0 + v x sin30° t + l(-32.2)t 2 
v x - 16.5 ft/s Ans 

t = 1.047 s 

(-*) (Vj), « 16.54 cos30° = 14.32 ft/s 
(+ T) v » v 0 + 

(Vj), = 16.54 sin30® + (-32.2X1.047) 

- -25.45 ft/s 

** - /(14.32)* + (—25.45)* » 29.2 ft/s 


Ans 
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12-95. Determine the horizontal velocity v A of a tennis 
ball at A so that it just clears the net at B. Also, find the 
distance s where the ball strikes the ground. 



Vertical Motion: The vertical component of initial velocity is (t> 0 ), = 0. 

For the ball to travel from A to B, the initial and final vertical positions are 
(J 0 ), = 7 5 ft «"d *, = 3 ft. respectively. 

(+T) s, =(*„), +(t>o),* + 5te),< 2 

3 = 7.5+0+i(-3212)f? 
r, = 0.5287 s 

For the ball to travel from A to C, the initial and final vertical positions are (s 0 ), 
= 7.5 ft and s y = 0, respectively. 

(+T) r, = (*o), +(u 0 ),t+i(^),» 3 

0=7.5+0+ ^ (-32.2) rj 
<2 =0.6825 s 

Horizontal Motio n: The horizontal component of velocity is (t) 0 ), = t) A . 

For die hall travel from A to B, the initial and final horizontal positions are (s a ) t 
= 0 and s„ - 21 ft. respectively. The time is t = «j = 0.5287 s. 

(+-) s, = <s 0 ),+(»(>)„' 

21 =0+1^(0.5287) 

v A = 39.72 ft/s = 39.7 ft/s Ans 

For the ball travel from A to C, die initial and final horizontal positions are (s 0 ), 
= 0 and s„ = (21 +s) ft, respectively. The time is t =ti = 0.6825 s. 

(+-) r* s ( J o)* + (^o)*f 

21+ s = 0+ 39.72(0.6825) 

s = 6.11 ft Ans 
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*12-96. A boy at O throws a ball in the air with a speed 
v Q at an angle If he then throws another ball at the 
same speed v 0 at an angle 0 2 < 0 lt determine the time 
between the throws so the balls collide in mid air at B. 



Time of flight 
(-4) t = i 0 + v 0 t 

z, = 0+ v„ cos®, t, (t) 

z, = 0 + v„ cose, 1 , (2) 


Tlnis, 

= *» 


*1 cos®, - cos®, 

* , = t t-h= ^< ~Sie, ' co,e 1 


) (3) 


(+ T) J = Jo + v 0 / + tUf 2 


y = 0+{v o sine,)(/,) - Igl} 


Use Eq. (1) 


„ 1 z? 

y =x, tan®, - -g - - 


2* cos 1 ®, 


In the same way: 


1 x\ 

y = *2 “*>0i - - - 


2 vj cos* e, 


(4) 


Equating and solving for z, m z, = z 


- (cos 2 ®,ct^e^Xtan®, - tan®,) 

g [ (cos 2 ®, - cos 2 ®,) 

Substituting into Eq. (3) yields 


At - 2v ° { ( co * e > cosfl,)(tanfl, - tin®,) 


T 


(cos®, + cos®,) 


2v 0 r « ^lzM 


g [c<*0 2 + cos0 t 


-] 


Am 


■] 

] 


12-97. The man at A wishes to throw two darts at the 
target at B so that they arrive at the same time. If each 
dart is thrown with a speed of 10 m/s, determine the 
angles 0 C and 0 D at which they should be thrown and the 
time between each throw. Note that the first dart must be 
thrown at 0 c( > ®d)> then the second dart is thrown at d D . 



(-») s - s 0 + v 0 r 


5 = 0 + (10 cos 0) / 

(+ T) v = v 0 + <*./ 

-10 sin® - 10 sin® - 9.81/ 


/ 


2(10 sin®) 
9.81 


= 2.039sin® 


Rom Eq. (1), 

5 = 20.39sin®cos® 

Since sin20 = 2 sin®cos® 
sin2e = 0.4905 


( 1 ) 


The two roots are ® s - 14.7° Ana 

® e - 75.3 s Ana 

From Eq.(l) : t D — 0.517 s 

tc = 1.9ft 

So that 1.45 a Ana 
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12-98. The ball is thrown from the tower with a velocity 
of 20 ft/s as shown. Determine the x and y coordinates 
to where the ball strikes the slope. Also, determine the 
speed at which the ball hits the ground. 


Assume ball hits slope. 


S = JO+Vot 



jt = 0+^(20)/ = 12/ 


(+T) s = s 0 +vot+^-a e t 2 


1 = 80+ 1(20)/+ l(-32.2)/ 2 = 80 +16/— 16. U 2 


Equation of slope: y-yi = m(x-x l ) 


y-0=-C*-20) 


y = 0.5r-10 


80+16/- I6.ll 2 =0.5(12/)- 10 
16.1/ 2 -10/-90 = 0 


Choosing the positive root: 


/= 2.6952 s 



x- 12(2.6952) = 32.3 ft An* 

Since 32.3 ft > 20 ft, assumption is valid. 

y= 80+16(2.6952)- 16.1(2.6952) 2 = 6.17 ft Ana 


(4) v x = (mj ) x = ^(20) = 12 ft/s 

(+ T) v, = (v 0 ), + f = 1(20) + (-32.2)(2.6952) = -70.785 ft/s 


v=/U2p + p707785F = 7l.8ft/s Ans 


www.eisoiucionario.ne 







12-99. The baseball player A hits the baseball at v A = 
40 ft/s and 0 A = 60° from the horizontal. When the ball 
is directly overhead of player B he begins to run under 
it. Determine the constant speed at which B must run and 
the distance d in order to make the catch at the same 
elevation at which the ball was hit. 



Vertical Motion: The vertical component of initial velocity for the 
football is (uo) v = 40sin 60° = 34.64 ft/s. The initial and final vertical 
positions are (s 0 ) y = 0 and s y = 0, respectively. 

(+1) .v.v = (.s«)y + (i>o)„ t + J (a c ) y t 1 

0 = 0 + 34.64r + ^ C—32.2) r 2 
r = 2.152 s 

Horizontal Motion: The horizontal component of velocity for the 
baseball is (vo), v =40 cos 60° = 20.0 ft/s. The initial and final hori¬ 
zontal positions tire (so)* = 0 and s x = R, respectively. 

(-X) S x = fro), + (uo)y r 

R = 0 + 20.0(2.152) = 43.03 1't 

The distance for which player B must travel in order to catch the 
baseball is 

d = R - 15 = 43.03 - 15 = 28.0 ft Ans 

Player B is required to run at a same speed as the horizontal component 
of velocity of the baseball in order to catch it. 

Vs = 40 cos 60° = 20.0 ft/s Ans 
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v s 16 m/s 


*12-100. A car is traveling along a circular curve that 
has a radius of 50 m. If its speed is 16 m/s and is increasing 
uniformly at 8 m/s 2 , determine the magnitude of its 
acceleration at this instant. 


12*101. A car moves along a circular track of radius 
250 ft such that its speed for a short period of time 
0 s r < 4s, is d = 3(t + t 2 ) ft/s, where t is in seconds. 
Determine the magnitude of its acceleration when 
t ~ 3 s. How far has it traveled in t = 3 s? 


a, = 8 m/s 2 

r « 50 m 

v 2 <16) 2 _ 
* “ p ° SO 

a » /(8) 2 + (5.12) 2 


J.12 m/s 2 
- 9.50 m/s 2 


Au 


v = 3(1+ f 2 ) 
dv 

<4 = - = 3 + 6* 


When t - 3s, a, = 3 + 6(3) = 21 ft/s 2 


% 


13(3 A- 3 2 )) 2 
.250 


5.18 ft/s 2 


a = / (21) 2 + (S.18) 2 = 21.6 ft/s 2 Ans 

/ <ft = J 3 3(/ + r 2 ) dt 
0 

As - -t 3 + if 

2 lo 

As = 40J ft Ans 


12-102. At a given instant the jet plane has a speed of 
400 ft/s and an acceleration of 70 ft/s 2 acting in the 
direction shown. Determine the rate of increase in the 
plane’s speed and the radius of curvature p of the path. 



WWW 
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12-103. A boat is traveling along a circular curve having 
a radius of 100 ft. If its speed at ? = 0 is 15 ft/s and is 
increasing at v = (0.8?) ft/s 2 , determine the magnitude of 
its acceleration at the instant t = 5 s. 


o = 25 ft/s 


u 2 25 2 

= p" = Too = 6,23 ft/s2 


At ?= 5 s, 


a, = l) = 0.8(5) = 4 ft/s 2 
a = 4a} + a} = / 42 + 6.252 _ 1A1 ft/s 2 


A ns 


accelerationSlT/X?,?' b< »> 
increase in the speed is v = 2 m/s 2 . 7 d ** rate ° 


a, * 2 ra/s 2 

a. = — = — = 1.25 m Is 1 
p 20 


a = \Ja} +a} = /2 2 + 1.25 2 = 2.36 m/s 2 Ans 


*12-105. Starting from rest, a bicyclist travels around a 
horizontal circular path, P = 10 m, at a speed of v = 
(0.09? + 0.1?) m/s, where ? is in seconds. Determine the 
magnitudes of his velocity and acceleration when he has 
traveled s = 3 m. 


£ ds «JJ(0.09i 2 + 0.1?)d? 
s = 0.03l 3 + 0.05? 2 

When s = 3 m, 3 = 0.03? 3 +0.0S? 2 

Solving, 
t = 4.147 s 

v = —= 0.09? 2 + 0.1 / 

dt 

v =» 0.09(4.147) 2 +0.1(4.147) = 1.96 m/s 


dv | 

= — = 0.18?+ 0.1 
at 


Ws*4.147 t 


* 0.8465 m/s 2 


„ v 2 1.96 2 

" = 7 = — =0 - 38521,1/8 

a = 4a} +a} = / (0.8465) 2 + (0.3852) 2 = 0.930 m/s 2 


Ans 
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12-106. The jet plane travels along the vertical parabolic 
path. When it is at point A it has a speed of 200 m /s, which 
is increasing at the rate of 0.8 m/s 2 . Determine the 
magnitude of acceleration of the plane when it is at 
point A. 


y - 0.4.I 2 


X - 0.8 jcj = 4 

OX bn 



[1 + (4) 2 ] 5n 

P “ 2 -- 87.62 km 

0.8 


a, - 0.8 m/s 1 


4. - = 0.457(10- 5 ) kra/s 2 


a, = 0.437 m/s s 


■)* - 0921 m/i 2 


12-107. Starting from rest, motorboat travels around the 
circular path, p = 50 m, at a speed v = (0.8/) m/s, where 
/ is in seconds. Determine the magnitudes of the boats 
velocity and acceleration when it has traveled 20 m. 


p = 50m 


Velocity : Hie time for which the boat to travel 20 m must be determined first 


ds = u dt 


f 20m ff 

I ds - 1 O.Stdt 
o o 

r= 7.071s 


The magnitude of the boat's velocity is 


o = 0.8(7.071) = 5.657 ra/s = 5.66 m/s 


Acceleration : The tangential acceleration is 


a, = t> = 0.8 m/s 

To determine the normal acceleration, apply Eq. 12 - 20. 


v 2 5.657 2 


= 0.640 m/s 2 


Thus, the magnitude of acceleration is 


a = V^+q? = •/0.8 2 + 0.64O 2 = 1.02 m/s 2 
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*12-108. Starting from rest, the motorboat travels 
around the circular path, p = 50 m, at a speed v = 
(0 .2?) m/s, where t is in seconds. Determine the 
magnitudes of the boats velocity and acceleration at the 
instant t = 3 s. 


p = 50m 


Velocity : When t = 3 s, the boat travels at a speed of 
it = 0.2(3*) = 1.80 m/s 


Acceleration : The tangential acceleration is a, = t> = (0.4r) m/s'. When 


a,- 0.4(3) = 1.20 m/s 2 

To determine the normal acceleration, apply Eq. 12 - 20. 


v 2 1.80 2 i 

cl = — =-= 0.0648 m/s' 

^ p 50 


Thus, the magnitude of acceleration is 

a = xjdt + a 2 = /l. 20 2 + 0.06048* = 1.20 m/s 2 


12-109. A car moves along a circular track of radius 
250 ft, and its speed for a short period of time 0 < t < 2 s 
is v = 3 (t + t 2 ) ft/s, where t is in seconds. Determine the 
magnitude of its acceleration when t = 2 s. How far has 
it traveled in t = 2 s? 


/ = 3(t+t 2 ) 


dv 

a, = — = 3 + 6 1 
dt 


When t = 2 s, 


a, =3 + 6(2)= 15 ft/s 2 


...tf.Bg**)] 1 .,, 


296 ft/s 2 


a = /(I5) 2 + (1.296p = 15.1 ft/s 2 Ans 


ds = vdt 


J*=f 3 (- 2 M 


2 Jo 


Aj = 14 ft Ans 
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•12-110. The car travels along the curved path such that 
its speed is increased by v = (0.5e') m/s 2 , where t is in 
seconds. Determine the magnitudes of its velocity and 
acceleration after the car has traveled s = 18 m starting 
from rest. Neglect the size of the car. & 


J 0 # du= Jo 0.5e'<* 


i>= 0.5(«' - 1) 


/„'** = 0.5j>'-l)dt 



p= 30 m 


18 = 0.5(e'-t- 1) 


t= 3.7064 s 


u = 0.5(e 3 ' 7064 - I) = 19.85 m/s =19.9 m/s 
a, = 0 = 0. 5e' I, h 3.7064 » — 20.35 m/s 2 


u 2 19.85 2 ,, . . . 2 

= 7 = — = 13141 


a = <J a} + a} = ^20.35* +13.14* = 24.2 m/s J 


12-111. At a given instant the train engine at E has a 
speed of 20 m/s and an acceleration of 14 m/s 2 acting in 
the direction shown. Determine the rate of increase in the 
train’s speed and the radius of curvature p of the path. 


a, = 14 COS73* = 3.62 m/s 1 


v = 20 m/s 



a, = I4sin75* 


^ - (Ml* 

P 

P * 29.6 m 
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12-U2. A toboggan is traveling down along a curve 
which can be approximated by the parabola y = O.OIjc 2 
Determine the magnitude of its acceleration when it 
reaches point A, where its speed is v A = 10 m/s, and it is 
increasing at the rate of v A = 3 m/s 2 . 



Acceleration: Hie radius of curvature of the path at point A must be 
dy d^y 

determined first Here, — = 0.02* and — = 0.02, then 
dx dx 2 


= 190.57 m 


_[\ + (dyldxF) 3n [l + (0.02*) 2 f' 2 | 

P ~ Wyldx 2 \ 10.021 I 

To determine the normal acceleration, apply Eq. 12 - 20. 

u 2 10 2 , 

^ = p" = 15537 = 05247 m/s 

Here, a, = i) A — 3 m/s. Thus, the magnitude of acceleration is 

a=^a}+at = /3 2 + 0.5247 2 = 3.05 m/s 2 Ans 


12-113. The automobile is originally at rest at s = 0. If 
its speed is increased by v = (0.05f 2 ) ft/s 2 , where t is in 
seconds, determine the magnitudes of its velocity and 
acceleration when t — 18 s. 



a, = 0.051 2 

f’ do = J' 0.05 t 2 dt 

• 0 o 

v = 0.0167 t 3 


/**■/* 0.0167 /’ dt 
4 0 o 

S = 4.167(l<r J ) t* 

When t = 18 s, J = 437.4 ft 

Therefore toe car Is on a curved path. 

v = 0.0167(18)’ = 97.2 ft/s 

(97.2) 1 


Ans 


A = 


= 39.37 ft/s 2 


240 

a, = 0.05( 18) 2 = 16.2 ft/s 2 


a - /(39.37) 2 + (16.2)2 


a = 42.6 ft/s 2 


Ans 


ww^^TsoTucTonan^Tei 


0.01^ 2 


X 




12-114. The automobile is originally at rest s = 0. If it 

then starts to increase its speed at v = (0.05f 2 ) ft/s 2 , news on the carved p*. 

where t is in seconds, determine the magnitudes of its 

velocity and acceleration at s = 550 ft. 4 = 0.05 1 2 



f'dv = f' 0.05 1 1 dt 
• 0 

v = 0.0167 t 2 


f‘ds = j' 0.0167 t 2 dt 
0 0 

a = 4.167(10*’) I 4 

550 = 4.167(10*’) I 4 

1 = 19.06 s 

So that 

v = 0.0167(19.06)’ = 115.4 
v = IIS ft/s A ns 


(115.4)* 

240 


= 55.48 Wt 2 


4 = 005(19.06) 2 = 18.16 Wt 2 
a = /(5S.48)* + (18.16)» - 58 . 4 ft/,* 


12-115. The truck travels in a circular path havng a radius 
of 50 m at a speed of 4 = m/s. For a short distance from 
s = 0, its speed is increased by v = (0.05s) m/s 2 , where 
s is in meters. Determine its speed and the magnitude of 
its acceleration when it has moved s = 10 m. 


v = (0.05s) m/s 2 
v = 4 m/s 



vdv= a, ds 

r* , HO 

I vdv=\ 0.05s ds 

J 4 JQ 


05^-8 = 2 ^ f ( 10 ) 2 


v = 4.583 = 4.58 m/s Ans 
v 2 (4.583) J 

a " = - = ~ 0 - =0.420m/s 2 


a, =0.05(10) = 0.5 m/s 2 
b = i/(0,420)*+ (0.5) J = 0.653 m/s 2 Aiu 


ISOT 


An 
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*12-116. The jet plane is traveling with a constant speed 
of 110 m/s along the curved path. Determine the 
magnitude of the acceleration of the plane at the instant 
it reaches point A (y = 0). 


’-' s Ks) 

4y_ 151 
dx x «-* 0 m 

d 2 y 151 

dx* X 2 1**80 m 


= 0.1875 


= -0.002344 


_ [1 + (£)*T 


1ST 


Ije- 80 oi 

|3/J 


= 449.4 m 


_ [1 + (0.1875) 2 ]' 

1-0.0023441 

v 1 (110) 2 ,, 

* — = — — = 26.9 m/s 2 
p 449.4 

Since the plane travels with a constant speed, a, = 0. Hence 


a = a. = 26.9 m/s 2 Ans 


12-117. A train is traveling with a constant speed of 
14 m/s along the curved path. Determine the magnitude 
of the acceleration of the front of the train, B, at the 
instant it reaches point A (y = 0). 


jc= 10e ( ^ 


y (m) 


'’His) 

!"< 7 )(l 5)-7 

d 2 y _US 

dx 1 jc 2 

AtJt = 10, 



dv 

a , = _=0 


n. 


p 


(14) 2 

39.06 


= 5.02 ra/s 2 


Ans 
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12-118. When the motorcyclist is at A, he increases his 
speed along the vertical circular path at the rate of v = 
(0.3*) ft/s 2 , where t is in seconds. If he starts from rest 
at A, determine the magnitudes of his velocity and 
acceleration when he reaches B. 


j>=J'0.3*fc 
u = 0.I5f 2 
Jjdi = Jo 0. 15t*dt 
s = 0.05r ! 

When s = f (300) ft. f(300) = 0.05r 3 »= 18.453 « 

t>=0.15<18.453) 2 = 51.08 ft/s =51.1 ft/s Ans 

a, - t) = 0.3f l t .18.453 ■ = 5.536 ft/s 2 
= i£ = iL2?!=8.696ft/s 2 


^ p 300 

a = = /(5.536) 2 + (8.696) 2 = 10.3 ft/s 2 


300ft 60t 



■12-119. The car B turns such that its speed is increased 
by v B = (0.5e‘) m/s 2 , where t is in seconds. If the car starts 
from rest when 9 = 0°, determine the magnitudes of its I 
velocity and acceleration when the arm AB rotates 
6 = 30°. Neglect the size of the car. 



= 0.5 r' 
dt 

J * “ / OJe'dt 

0 o 

y, - 0.5(e' - 1) 

f‘ds, =* f 0.5(*'-l )dt 

• o 

s, «= 0S(e'-m'c « 0-5(e' ~ *“ l > 
Ate - 30°, 

>. = - 2 -« 8m 

Thus, 

6336 - (s' -0 
Solving by trial and eiroc, 

I = 2.123 s 


Thus, 



y, = 

0.5t* ,1M —1) = 3-678 - 3.68 m/s 

(<%)> 

- v, = 0J(e 2 a3 ) ‘ 

4.178 m/s 3 

(4). 

d _ < 3 - 678 ) 2 . 

5 5 

2.706 m/s 2 

a, » 

/ (4.178)* + (2.706) J 

- 4.98 m/s 2 
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*12-120. The car fi turns such that its speed is increased 
by v B = (0.5e') m/s 2 , where t is in seconds. If the car starts 
from rest when d = 0°, determine the magnitudes of its 
velocity and acceleration when t = 2 s. Neglect the size 
of the car. Also, through what angle d has it traveled? 



12-121. The box of negligible size is sliding down along 
a curved path defined by the parabola y = OAx 2 . When it 
is at A ( x A = 2 m ,y A = 1.6 m), the speed is v B = 8 m/s 
and the increase in speed is dv B /dt = 4 m/s 2 . Determine 
the magnitude of the acceleration of the box at this 
instant. 


y=0Ax‘ 


y = 0 . 8 * = 1.6 

dx •* 3 2 ro *-Zm 


Si a = 0 - 8 


_ [i+(£) 2 T 


!£' 


_[l+(l.6) 2 ] m 

10.8! 


8.396 m 



8 2 

8.396 ‘ 


7.622 m/s 2 


a = /a} + a 2 = / (4) 2 +• (7.622)2 = 8.61 m/s 2 


A ns 




v = OS e'|J = 0.5 («' - 1) 

* = 2 s, 

V ■ 0J(e 2 - 1) = 3.1945 = 3.19 m/s 

H « 0.5 1 1 = 3.6945 m/s 2 

V s (3.1945) 1 , 

a, « — = -j- 2 - = 2.041 m/s 2 

o = / (3.6945) 2 + (Z041) 2 = 4.22 m/s 2 


Ass 


Aas 


y 
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12- 122. The ball is ejected horizontally from the tube 
with a speed of 8 m/s. Find the equation of the path, y = 
fix), and then find the ball’s velocity and the normal and 
tangential components of acceleration when t = 0.25 s. 


y 

v A = 8 m/s 



v, = 8 m/s 

s = v 0 t 

x = it 

(+T) J 

y = 0 + 0 + i(-9.81)/ J 
y = -4.905/ 2 

> 1 " 4 *“(!)’ 

y = -0.0766* 2 (Parabola) A ns 

v — Vb +a e t 
v y =0-9.8lr 
When l = 0.25 s, 
v y - -2.4525 m/s 

v =✓(*)* +(2.4525)2 = 8.37 m/s An* 





a« = 0 a, = 9.8i m/ s 2 

a„ = 9.81 cosl7.04° = 9.38 ra/s 2 Am 

a, = 9.81 sinl7.04° = 2.88 m/s 2 Ans 
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12-123. The motion of a particle is defined by the 
equations x = (2f + t 2 ) m and y = (t 2 ) m, where t is in 
seconds. Determine the normal and tangential 
components of the particle’s velocity and acceleration 
when t - 2s. 


Velocity .-Here, r= {(2r+r 2 )l + r 2 j} m. To determine file velocity v, 
apply Eq. 12- 7. 


v = - = {( 2+ 2r) i + 2 ( j} m/s 

When »=2s, v = [2+2(2)]i + 2(2)j = {6i+4j} m/s. Then v = 

= 7.21 m/s. Since the velocity is always directed tangent to the path, 

u, = 0 and t>, = 7.21 m/s A ns 

4 

The velocity v makes an angle $ = tan - = 33.69° with the* axis. 

6 

Acceleration: To determine the acceleration a, apply Eq. 12 - 9. 

d\ , 

a= _ = {2i + 3j} m/s 2 

at 

Then 

a =v/2* + 2* =2.828 m/s 2 
2 

The acceleration a makes an angle d = tan" 1 - = 45.0° with the* axis. 

From the figure, a = 45°-33.69 = 11.31°. Therefore, 

q, = asm a = 2.828sin 11.31° = 0.555 m/s 2 Ans 

a, = ocos a= 2.828cos 11.31° = 2.77 m/s 2 Ans 
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*12-124. The motorcycle travels along the elliptical 
track at a constant speed v. Determine the greatest 
magnitude of the acceleration if a > b. 



O . . - . 

Acceleration: Defferentiating twice the expression y = -va 2 -* 2 , we have 

a 


bx 


dy_ _ 

d* aja 2 -x 2 
d 2 y ab 


dx 2 ( a 2 -jr 2 ) 3 ' 2 

The radius of curvature of the path is 


P = 


r, (dyf~ 

3/2 

i+| 

,*■ T] 

3/2 

r b 2 * 2 -I 

3/2 

rUJi 


l \ 


1 a 2 (a 2 -* 2 ) 



d 2 y 

3? 


sr 


m 


(a 2 -x 2 ) 3 ' 2 | 


(a 2 -* 2 ) 3/2 


- »> 1. Then, 


px 2 f ' 2 r &x 2 f ' 2 
a 2 (a 2 -x 2 ) u 2 (a 2 —jc 2 ) J 


To have the maximum normal acceleration, the radius of curvature of the path must be 
a minimum. By observation, this happens when y = 0 and x = a. When x —* a, 

b 2 * 2 

a 2 (a 1 -X 2 ) 

£3 x 3 fjl 

-- rx -Substituting this value into Eq. [1] yields p = — X 3 . Atx = a, 

a 3 (a 2 - x 2 ) 3 ' 2 a* 

P, 3 , b 2 

p=-( a )=_ 

To determine the normal acceleration, apply Eq. 12 - 20. 

u 2 u 2 a 2 

= ~^~Wia = b^ V 

Since the motorcycle is traveling at a constant speed, a, = 0. Thus, 


0 2 

a ra«x = (‘‘Om,* = J2 ° 


A ns 
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12-127. The race car has an initial speed v A = 15 m/s at 
A, If it increases its speed along the circular track at the 
rate a, = (0.4s) m/s 2 , where s is in meters, determine the 
time needed for the car to travel 20 m.Take p = 150 m. 


a, = 0.4s = — 
as 

ads = v dv 
j^O.As ds = J v dv 

2 lo ~ 2 Its 

04s 2 = v*_225 
2 2 2 

v 2 = 0.4s 2 + 225 


f , * -r- 

J o /0.4s 2 + 225 
f ds 

- 7 = =0.632 
I V * 2 + 562.5 


632 456* 


ln(s + / s 2 + 562.5) |' = 0.632 456* 

ln(s + ys 2 + 562.5)-3.166 196 - 0.632 456* 



At s - 20 m. 


v= -7 = /0.4s* + 225 
dt 


*= 1.21s Ans 


*12-128. A boy sits on a merry-go-round so that he is 
always located at r = 8 ft from the center of rotation. The 
merry-go-round is originally at rest, and then due to 
rotation the boy’s speed is increased at 2 ft/s 2 . Determine 
the time needed for his acceleration to become 4 ft/s 2 . 


12-129. A particle travels along the path y = a + bx + 
ex?, where a, b, c are constants. If the speed of the particle 
is constant, v — Vq, determine the x and y components of 
velocity and the normal component of acceleration when 
x - 0. 


a - ■Jdi + 4? 


v - v 0 + <t* 
v -0+2* 


a, - — 

P 


t. (2f)2 

0 " 8 


4 - J(2P + <^~) 2 


16 » 4 + 


* = 2.63 s 


y = a + bx + cs 2 
y = bx + 2 c 

y = + 2 c(i ) 2 + 2 cjtir 


When Jt = 0, y = bx 


x + b~ x 


- b + 2c x 


v 0 6 

v ' = 


* "p 


At* = 0, p = 


(l + i4)3'2 


(1 + 6 2 ) 5 ' 2 
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■12-130. The ball is kicked with an initial speed v A = 
8 m/s at an angle 0 A = 40° with the horizontal. Find the 
equation of the path, y — f(x), and then determine the 
ball’s velocity and the normal and tangential components 
of its acceleration when / = 0.25 s. 


Horizontal Motion ; The horizontal component of velocity isfu,,), 

= 8cos 40° = 6.128 m/s and the initial horizontal and final positions are 
(*„), — 0 and s x = *, respectively. 



(A) s, =(*(>)„ +(%),' 

x = 0+6.128f 1U 

Vertical Motion: The vertical component of initial velocity is (o 0 ) y 
= 8sin 40° = 5.143 m/s. The initial and final vertical positions are(s 0 ), = 0 
and s y = y, respectively. 

(+t) *, =(s 0 ),+(Wo),»+5(4:),t l 

y = 0+5.143/+ j (-9.81) (» 2 ) Ul 

Eliminate t from Eqs[l] and [2], we have 

y = {0.8391*-0.1306**} m = (0.839*-0.131* 1 } m Ans 

3 644 

The tangent of the path makes an angle 9 = tan 1 —— = 42.33° with the * axis. 


Acceleration: When r=0.25s, from Eq.[l], *=0 + 6.128(0.25) = 

1.532 m.Here, % =0.8391-0.2612*.At** 1.532m, 
ax 

4y = 0.8391 -0.2612( 1.532) = 0.4389 and die tangent of the path makes an 

dx 

angle 0 = tan '0.4389 = 23.70° with the* axis, the magnitude of the 
? ^i^rinn is a= 9.81 m/s* and is directed downward.From the figure, 
a = 23.70°. Therefore. 


a, = asin a * 9.81sin 23.70° = 3.94 m/s* 
H, = acos a=9.81cos 23.70° = 8.98 m/s* 


Ans 

Ans 


WWW 
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■12-131. Particles /4 and B are traveling counter¬ 
clockwise around a circular track at a constant speed of 
8 m/s If at the instant shown the speed of A is increased 
by =(4sa) nt/s 2 . where s A is in meters, determine the 
distance measured counterclockwise along the track from 
B to A when t = Is. What is the magnitude of the 
acceleration of each particle at this instant? 



Distance Traveled : Initially the distance between two particles is d 0 =p6 
= 5^*1= 10.47 m. When r=is, particle B travels a distance of s B = 8(1) 

U80° J 

= 8 m. The distance traveled by particle A can be obtained as follows 

v A dv A = a A ds A 
J“ A v A dv A = j' A 4s A ds A 

8m/« 0 

v A = 2 yjs\ + 16 (13 


ru f* ds A 

| dt= -p^= 

0 Jo 2-^ 


0 Jo 

(7) 

s A = 14.51 m 

Thus, the distance between two cyclists after t = 1 s is 

d=d$ +s A -s t = 10.47+ 14.51 - 8 = 17.0 m Ans 

A cceleratlon : The tangential acceleration for cyclist A and B when t = 1 s is 
W A = 4 s,, =4(14.51) = 58.03 m/s 2 and ( a,) B = 0 (particle B travels at 
constant speed), respectively. When t- 1 s, from Eq. [1], v A - 2-/l4.51 2 + 16 
= 30.10 m/s. To determine the normal acceleration, apply Eq. 12 - 20. 

K)a=y = ^ = 18117nl/s * 

(4.>»=y = j = 12.80 m/s 2 

The magnitudes of the acceleration for particle A and B are 

a A = \j(a,? A +(<Oj = /58.03 2 + 181. 17* = 190 m/s 2 Ans 
= /wl+iaX = -/0 2 -1-12.802 = 12.8 m/s 2 Ans 
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*12-132. Particles A and B are traveling around a 
circular track at a speed of 8 m/s at the instant shown. If 
the speed of B is increased by v B = 4 m/s 2 , and at the 
same instant A has an increase in speed v A = 0.8/ m/s , 
determine how long it takes for a collision to occur. What 
is the magnitude of the acceleration of each particle just 
before the collision occurs? 

Distance Traveled : Initially the distance between the two particles is 4» = pB 

_ n20° A _ 10 47 m since particle B travels with a constant acceleration, 
1,180° ) 

distance can be obtained by applying equation 

1 2 

s B =(s 0 ),+(v <> ) B t+-a c t 

Sg = 0+ 8 / + l - (4)r 1 = ( 8 r-t-2r J ) m tU 

The distance traveled by panicle A can be obtained as follows. 

dv A =a A dt 
f* 4 dv A =J'o.8ftfr 

8m/* 0 

u A = (0.4r 2 + 8) m/s t 2 

ds A = v A dt 

\‘*ds A = f (0.4l 2 + 8 ) dt 
o Jo 

s A = 0.1333t 5 + 8 r 



In order for the collision to occur 

s a + do =S B 

0.13331 3 + 8r+10.47 = 8r+2t 2 

Solving by trial and error I = 2.5074 s = 2.51 s Ans 

{240° \ 

Note : If particleA strikes B then, s A = ^ equation 

will result in /= 14.6 s >2.51 s. 

Acceleration : The tangential acceleration for particle A and B When r= 2.5074 
are(q) A = 0 . 8 r = 0.8(2.5074) = 2.006m/s 1 and (a,) B =4 mis 1 , respectively. 
When r= 2.5074s, fromEq. [I], t> A = 0.4(2.5074*) +8-1051 m/s and 
= (t> 0 )» +4r»= 8 + 4(2.5074) = 18.03 m/s. To determine the normal 
acceleration, apply Eq. 12-20. 


Ms = — 


t)J 10.51 J 


• = 22.11 m/s 2 


, „ uj 18.03 2 , 

Ms = — = -j— = 65.01 m/s 2 


The magnitude of the acceleration for particles A and B just before collision are 


% =V(q)J +(q,) A = /2.006 2 + 22.11 2 = 22.2 m/s 2 Ans 
a s = 'J(.a,)l + («,)£ = ^42 + 65.012 = 65.1 m/s 2 Ans 
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12-133. The truck travels at a speed of 4 m/s along a 
circular road that has a radius of 50 m. For a short distance 
from s = 0, its speed is then increased by v = (0.05s) 
m/s 2 , where s is in meters. Determine its speed and the 
magnitude of its acceleration when it has moved s = 10 m. 


Velocity : The speed t> in terms of position s can be obtained by applyingudo = ads. 

vdv = ads 


I vdv = J 0.05siir 

4ib/j 0 

« = ( /0.05i 2 + 16) m/s 



Ats = 10m, v= ■/ 0.05(HP) + 16 = 4.583 ra/s = 4.58m/s Ans 

Acceleration : The tangential acceleration of the truck at r = 10 m is a, = 0.05( 10) 
= 0.500 m/s 2 . To determine the normal acceleration, apply Eq. 12-20. 

v 2 4.583 2 , 

4. = — = - jjj- = 0.420 m/s 2 

The magnitude of the acceleration is 

a = -jaf + a 2 = 1 /0.5002 + 0.420 3 = 0.653 m/s 2 Am 


■12-134. A go-cart moves along a circular track of 
radius 100 ft such that its speed for a short period of time, 
0 < / < 4 s, is v = 60(1 - e - ' 2 ) ft/s. Determine the 
magnitude of its acceleration when t = 2 s. How far has 
it traveled in f = 2 s? Use Simpson’s rule with n = 50 to 
evaluate the integral. 


v = 60(1-e"*’) 

4 = ^ = 6O(-e-‘ J )(~20 = 120 of' 1 
4 I ..2 = 120(2)e~ 4 = 4.3958 
A ,.2 = 60(1-0 = 58.9011 


(58.9011) 3 
100 


34.693 


a = ✓(43958) 3 + (34.693) 3 = 35.0 m/s 2 


j'ds = J J 60(l-e" , )4f 
0 0 


t = 67.1 ft Ans 
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* 12 - 136 . The time rate of change of acceleration is 
referred to as the jerk, which is often used as a means of 
measuring passenger discomfort. Calculate this vector, a, 
in terms of its cylindrical components, using Eq. 12-32. 


, = ^ - rd ju, + [rO + 2r0ju e + 'za z 

, = r r _ r £ _ 2r0'e)u f + ^ - r6 ju, + (r8 + r6 + 2r6 + 2rfl)u 8 + 2re)u s + ? u, + zu* 

But, u, = 0u« Us = -®Ur U; = 0 

Substituting and combining terms yields 

a = ^r-3re Z -3ree^u, + ^3r0 + r9+3rfl-re ^uj + ^z^U; Ana 


12 - 137 . If a particle’s position is described by the polar 
coordinates r = 4(1 + sin/) m and 0 = (2e _f ) rad, 
where t is in seconds and the argument for the sine is in 
radians, determine the radial and tangential components 
of the particle’s velocity and acceleration when / = 2 s. 


When f = 2 s, 
rm <0+sin/) = 7.637 
r m * cos t = - 1.66459 
r ■= -4sin / = -3.6372 


0 m ~2e~'m -0.27067 
* ■ 2 *~' = 0270665 


», = r-1,66 m/s An* 


V. = re = 7,637(—027067) = - Z0 7 m/s An. 

A - r - r(6) 2 = -3.6372 - 7.637(-027067) J = -420 m/s 2 Al „ 
<t* re + 2r9 = 7.637(0.270665) + 2(-1.66459)(-027067) = 2.97 m/s 2 
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12-138. A particle is moving along a circular path having 
a radius of 4 in. such that its position as a function of time 
is given by 9 = cos 2 1 , where 8 is in radians and t is in 
seconds. Determine the magnitude of the acceleration of 
the particle when 6 = 30°. 


When 8 = £rad, ~ = cos2r t = 0.5099s 

• de i 

8 =- = -2 S m2^ o 3 o 99j =-1.7039^ 

8 = ^ = -4co« 2 (_ o jo99 > = -2.0944 tad/s* 

r = 4 r = 0 r = 0 

a ' = r-r 8 2 = 0-4(-1.7039) 2 = -11.6135 inis 2 

a e = r$+ 2/8 = 4(-2.0944) + 0 = -8.3776 in Vs 2 

a = V ^ 2 + a| = v'l-l 1.6135)2+ (-8.3776p = 14.3 in./s 2 Ans 


12-139. A car is traveling along the circular curve of 
radius r = 300 ft. At the instant shown, its angular rate 
of rotation is 6 - 0.4 rad/s, which is increasing at the rate 
of 0- 0.2 rad/s 2 . Determine the magnitudes of the car’s 
velocity and acceleration at this instant. 


Velocity : Applying Eq. 12-25, we have 

v, = r= 0 V e = r6 = 300(0.4) = 120 ft/s 
Thus, Ihe magnitude of the velocity of the car is 

v = yjv} + v 2 $ = •/<$■ + 120 2 = 120 ft/s Ans 


8 = 0.4 rad/s 
8 = 0.2 rad/s 2 



Acceleration : Applying Eq. 12 -29, we have 

= r-rtj 2 = 0 - 300( 0.4 2 ) = -48.0ft/s 2 
a, = rfl+2r8 = 300(0.2) +2(0) (0.4) = 60.0 ft/s 2 

Thus, the magnitude of the acceleration of the car is 


a = y'a? + a\ - V (-48.0) 2 + 60.0 2 = 76.8 ft/s 2 Ans 
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*12-140. If a particle moves along a path such that r = 
(2 cos /) ft and 8 — (r/2) rad, where t is in seconds, plot 
the path r = f{6) and determine the particle’s radial and 
transverse components of velocity and acceleration. 


r = 2cosr r = -2sinf r = -2cosf 


«=5 H ®=° 


v r = r = -2sinr Ans 

Us = r6 = 2cosf^ j = cosf Ans 

a, - f-r0 2 = -2cos/-2cosl^^j =-^cosr 
as = r8+2rd = 2cos<(0)+ 2(-2sint)f^ = -2sin» 


12-141. If a particle’s position is described by the 
polar coordinates r = (2 sin 28) m and 8 = (4/) rad, 
where t is in seconds, determine the radial and 
tangential components of its velocity and acceleration 
when t — Is. 


When I « 1 J, 


0 *= 4 1 *= 4 


r » 2 sin 2 0 _ 1.9787 


r- 4 COS28 0«= -2.3280 


r - - 8$in20( 6y + 8cos20’0 - -126.638 


v, = r = -2.33 m/s Ans 


v, - r$ » 1.9787(4) - 7.91 m/s Ann 


a, - r0+ 2r0 » 1.9787(0) + 2(-2.3280)(4) = -18.6 m/s 2 
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r = 400 mm r = 0 r = 0 


12-142. A particle is moving along a circular path having 
a400-mm radius. Its position as a function of time is given 
by 0 = (2f 2 ) rad, where t is in seconds. Determine the 
magnitude of the particle’s acceleration when 0 = 30°. 
The particle starts from rest when 0 = 0°. 


0 = 2/ 2 0=4/ 0 = < 


a,=r-r9 =0 - 400(4/) 2 = -6400/ 2 


a > = rd + 2/0= 400(4) + 0= 1600 


When 0 = 30° = 30° 




5236 rad, then. 


12-143. A particle moves in the x-y plane such that 
its position is defined by r = {2/i + 4/ 2 j} ft, where t is 
in seconds. Determine the radial and tangential 
components of the particle’s velocity and acceleration 
when / = 2 s. 


0.5236 = 2/ 2 , /= 0.5117 s 


a = /(-6400(0.5117) 2 ) 2 + (1600) 2 = 2316.76 mra/s 2 = 2.32 m/s 2 An* 


r = 2/1 + 4Z 2 j |,_2 = 41 + 16 j 
v = 21 + 8 rj|,.2 = 21 + 16j 


0 = tan l <-^> = 75.964“ 

4 

v = /(2>» + (16)* = 16.1245 ft/s 
* = tan'Oy) = 82.875“ 



4 - 0 « 6.9112“ 

v, = 16.1245cos6.9112° = 16.0 it/s 
v, = 1 6.1245 sin6.9112“ = 1.94 ft/s 

5 = 90“ - 0 = 14.036“ 

a, = 8 cos 14.036° = 7.76 ft/s 2 
= 8 sin 14.036“ = 1.94 ft/s 2 
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*12-144. A truck is traveling along the horizontal 
circular curve of radius r — 60 m with a constant speed 
v = 20 m/s. Determine the angular rate of rotation 0 of 
the radial line r and the magnitude of the truck’s 
acceleration. 



r = 60 
r = 0 
> = 0 
V as 20 
v, sr r as o 
v, = r 0 = 60 8 


V = V( V r) 2 + (V*) 2 
20 = 60 0 
0 as 0.333 rad/s 


= r - r(0) 2 


= 0 - 60(0.333) 2 
= -6.67 m/s 1 
a, at r0 + 2>0 

- 60 0 
Since 
» = r0 
v - r 'O + r 0 
0 = 0+ 60 0 
0 = 0 
Thus, 

Og = 0 

a = Or *= 6.67 m/s 1 


Ans 


Ans 
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12*145. A truck is traveling along the horizontal circular 
curve of radius r = 60 m with a speed of 20 m/s which is 
increasing at 3 m/s 2 . Determine the truck’s radial and 
transverse components of acceleration. 


a, « 3 m/s 


— „ = 6.67 m/s 2 



^ m » — 6.67 m/s 2 Abs 

Hi . A ■ 3 m/s 2 Ass 


12*146. A particle is moving along a circular path having 
a radius of 6 in. such that its position as a function of time 
is given by 6 = sin 3/, where 6 is in radians, the argument 
for the sine is in degrees, and t is in seconds. Determine 
the acceleration of the particle at 6 = 30°. The particle 
starts from rest at 0 = 0°. 


r = 6in., r = 0, r = 0 
0 = sin3/ 


0 = 3 cos3/ 


0 = -9 sin3/ 
At 6 = 30°, 


;JT= sin3f 


f= 10.525 s 


0 = 2.5559 rad/s 
3 = -4.7124 rad/s 2 

<*, = r-rtf =0-6(2.5559) 2 = -39.196 
4, * 2^ = 6(-4.7124) + 0 = -28.274 

4 = ^(-39.196) 2 + (-28.274)* -48.3 in./s 2 


12-147. The slotted link is pinned at O, and as a result 
of the constant angular velocity 6 = 3 rad/s it drives the 
peg P for a short distance along the spiral guide 
r = (0.4 6) m, where 6 is in radians. Determine the radial 
and transverse components of the velocity and 
acceleration of P at the instant 6 = n/3 rad. 


6=3 rtd/s r = 0.4 0 


r = 0.4 0 



r = 0.4(3) = 1.20 


r = 0.4(0) = 0 


v, * r = 1.20 m/s 


v, - re = 0.4189(3) = 1.26 m/s Ans 


a, = r - re = 0- 0.4189(3) 2 = -3.77 m/s 2 


a, = r0+ 2'r6 = 0 + 2(1.20)(3) = 7.20 m/s 2 
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0 = 3 r»d/s r = 0.4 0 


*12-148. Solve Prob\12- 
angular acceleration 9 
9 = 7r/3 rad. 



slotted link has an 
hen 9 = 3 rad/s at 


r = 0.40 





0=3 

0 « 8 
r « 0.4189 

r »1.20 

r * 0.4(8) = 3.20 

v f * r = 1.20 m/s Ans 

v§ * r0 = 0.4189(3) = 1.26 m/s An* 
a, = r - r0 = 3.20 - O.41890) 2 = -0.570 m/s 2 
a, = r 0 + 2 r 0 = 0.4189(8) + 2(1.20)(3) = 10.6 m/s 2 


12-149. The slotted link is pinned at O, and as a result 
of the constant angular velocity 9 = 3 rad/s it drives the 
peg P for a short distance along the spiral guide 
T = (0.40) m, where 9 is in radians. Determine the 
velocity and acceleration of the particle at the instant it 
leaves the slot in the link, i.e., when r — 0.5 m. 



r = 0.4 0 
r - 0.4 0 
r = 0.4 0 
0=3 
0=0 

At r = 0.5 m, 


0.5 

0 = — = 1.25 rad 
0.4 


r m 1.20 


r = 0 

v, = r = 1.20 m/s A ns 

v» - re m 0.5(3) = 1.50 m/s Ans 

a, - > - r(0) 2 = 0 - 0.5(3) 2 = -4.50 m/s 2 
4 , = r'0 + 2> 0 = 0 + 2(1.20)(3) = 7.20 m/s 2 
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r - 0.2 


*12-152. At the instant shown, the watersprinkler is 
rotating with an angular speed 0 = 2 rad/s and an 
angular acceleration 0 = 3 rad/s 2 . If the nozzle lies in 
the vertical plane and water is flowing through it at a 
constant rate of 3 m/s, determine the magnitudes of 
the velocity and acceleration of a water particle as it 
exits the open end, r = 0.2 m. 



v, - 0.2(2) = 0.4 
» _ 7(3)2 + (0.4)* - 3.03 m/s 
^ » 0 - (02) (2) 2 - -0.80 m/s 1 
a, - 0.2(3) + 2(3) (2) - 12.6 m/s 1 
a - /(-0.80)2 + ( 12 . 6)2 = 12.6 m/s 1 


12-153. The automobile is traveli ng from a parking deck 
down along a cylindrical spiral ramp at a constant speed 
of u = 1.5 m/s. If the ramp descends a distance of 12 m 
for every full revolution, 0=2tt rad, determine the 
magnitude of the car’s acceleration as it moves along the 
ramp, r = 10 m. Hint: For part of the solution, note that 
the tengent to the ramp at any point is at an angle of <j> = 
tan 1 (12/[2*r(10)]) = 10.81° from the horizontal. Use 
this to determine the velocity components v 0 and v z , 
which in turn are used to determine 0 and z. 



( 22 \ 

--- 1=10 81 ° 

2*00)7 

v = 1.5 m/s 


v, = 0 


= 1.5cosi0.81°= 1.473 m/s 


v * = "I- 5 511110.81° = -0.2814 m/s 
Since 


r=10 r = 0 r = 0 


v 9 = r0= 1.473 


1.473 

10 


= 0.1473 



iTJ C'O^) 


Since 0 = 0 

a r ~ T — rB — 0- 10(0.1473) 1 = -0.217 
<2s = rd + 2/0 = 10(0) + 2(0)(0.1473) = 0 
a z = Z = 0 

a = /(-0.217) 1 + (0) 2 + (0) 2 = 0.217 m/s 2 An* 
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12-154. Because of telescopic action, the end of the 
industrial robotic arm extends along the path of the 
lima^on r = (1 +0.5 cos 6) m. At the instant 9 = tt/ 4, the 
arm has an angular rotation 6 — 0.6 rad/s, which is 
increasing at 6 = 0.25 rad/s 2 . Determine the radial and 
transverse components of the velocity and acceleration 
of the object A held in its grip at this instant. 


0=7 = 45° 
4 


0 = 0.25 


: 1 + 0.5 COS 0 



r = I + O.5cos0 


r = -0.5sin00 


r = -0.5 


cos 00' + sin 00 


Al 0 = 45° 


<’-1.354 r = -0.2121 r- -0.2157 


= r = -0.212 m/s Ans 


a, = r-re =-O.2157-(1.354)<0.6) 2 = -0.703 m/s 2 Ans 


LV = r0= 1.354(0.6) = 0.812 m/s Ans ** = 1.354(0.25) + 2(-0.2121)(0.6) = 0.0838 m/s 2 


12-155. For a short distance the train travels along a 
track having the shape of a spiral, r = (1000/0) m, where 
9 is in radians. If it maintains a constant speed v = 20 m/s, 
determine the radial and transverse components of its 
velocity when 6 = (97t/ 4) rad. 


1000. 
r = — —e 


v* = (if + (iff) 2 



(TO ., 


(»> 2 = ^^ a + 0 ^ )( 0 ) , 


/TTS 


*-T 


B = 0.140 


-1000 

- (W<°- 140 > = - 2 - 80 


v, = r = - 2.80 m/s 


v, = rO = -+++(0.140) = 19.8 m/s 

(VJT/4J 
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*12-156. For a short distance the train travels along a 
track having the shape of a spiral, r = (1000/0) m, where 
9 is in radians. If the angular rate is constant, 
9 = 0.2 rad/s, determine the radial and transverse 
components of its velocity and acceleration when 
9 = (97t/ 4) rad. 



r = -toootr 1 )® 


r = toocks^ho) 2 - looote^ie 


T = 141.477 


T = 0.226513 


v r = r = -4.00 ml s 


v, = r6 = 141.477(0.2) = 28.3 m/s 


a, = r - r(0) 2 = 0.226513 - 141.477(0.2) 2 = -5.43 m/s 2 


<% = rfl+2r6 = 0 + 2(-4.002812)(0.2) = - 1.60 m/s 2 


12-157. The arm of the robot has a fixed length so that 
r = 3 ft and its grip A moves along the path j 
z - (3 sin 40) ft, where 9 is in radians. If 9 - (0.5 1 ) rad, 
where t is in seconds, determine the magnitudes of the 
grip’s velocity and acceleration when t = 3 s. 


0 - 0.5 / r - 3 z = 3 sin 2t 


z = 6 cos 2r 


z = -12 sin 2/ 



Z - -0.8382 


Z - 3.353 


v, = 3(0.5) = 1.5 
v, = 5.761 


» - /(OX + (1.5)3 + (5.761)2 = 5.95 ft/s Am 

- 0 - 3(0.S) 2 = -0.75 
4 *= 0 + 0 - 0 
a, * 3.353 

a = /(-0.75X + (0)2 + (3.353)2 . 3.44 ft/s 2 Am 
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12-158. For a short time the arm of the robot is extending 
at a constant rate such that r = 1.5 ft/s when r = 3 ft, 
z = (4 1 2 ) ft, and 9 = 0.5/ rad, where / is in seconds. 
Determine the magnitudes of the velocity and acceleration 
of the grip A when / = 3 s. 

0 = 0.5f rad r = 3 ft z = 4 1 2 ft 

0 = 0.5 rad/s r = 1.5 ft/s z = 8r ft/s 

0=0 r = 0 £ = 8 ft/s 2 


I! 

O 

f = 0 


At t = 3 s. 



0 = 1.5 

r = 3 

; = 36 

II 

O 

Lh 

r = 1.5 

CM 

II 

•6; 

<35: 

II 

O 

r = 0 

2 = 8 


IV = 1-5 

tV = 3(0.5) = 1.5 
=24 

v = v / (l-5) 2 + (1.5)- + (24) 2 = 24.1 ft/s Ans 
a,- = 0 - 3(0.5) 2 = -0.75 
a„ =0 + 2(1.53(0.5) = 1.5 
a, = 8 

a = >/(—0.75) 2 + (t.5) 2 + (8) 2 = 8.17 ft/s 2 Ans 



12-159. The partial surface of the cam is that of a loga¬ 
rithmic spiral r = (40e° ° 50 ) mm, where 6 is in radians. 
If the cam is rotating at a constant angular rate of 6 = 
4 rad/s, determine the magnitudes of the velocity and ac¬ 
celeration of the follower rod at the instant 9 -= 30°. 


005 (—3 

r = 40c u05 " r = 40c V 6 / — 41.0610 

r = 2e omj 0 r = 2e'° S ( 6 ) (4) = 8.21 nim/s Ans 
r = O.lc o o5 "(0)- -f 2e OO5f, 0 


005 f 7) 

r = 0.1c V 6 / (4) 2 + 0=1. 



0 = 4 rad/s 


64 mrn/s 2 Ans 


0=4 








*12-160. Solve Prob. 12-159, if the cam has an angular 
acceleration of 8 = 2 rad/s 2 when its angular velocity is 
0=4 rad/s at 6 = 30°. 


r = 40e° oss 
r = 2 e aou 6 

r= 0 .le ao 5 s (e ) 1 + 2 e 0J,se 'e 


r = 40e W =41.0610 

f - 2 / 05 (r)(4)-8.2122 


r = 0 . i f °' 0 S (r)( 4) 2 + 2 e°- 03 (r)( 2 ) - 5.749 
v, =r = 8.2122 

v a =r 6 = 41.0610(4) = 164,24 
v = / (8.2122) 2 + (164.24) 2 = 164 mm/s Ans 


a,=r-r 6 = 5.749 — 41.0610(4) 2 =-651.2 


a, = r0 + 2 r 6 = 41.0610(2) + 2(8.2122)(4) = 147.8197 
a = /(-651.2) 2 +(147.8197)2 = 668 mm/s 2 Ans 


12-16L The searchlight on the boat anchored 2000 ft 
from shore is turned on the automobile, which is traveling 
along the straight road at a constant speed of 80 ft/s. 
Determine the angular rate of rotation of the light when 
the automobile is r - 3000 ft from the boat. 


SO ft/s , 


' . 





2000 11 


12-162. If the car in Prob. 12-161 is accelerating at r „ 2000 esc 6 

15 ft/s 2 at the instant r = 3000 ft, determine the required 

angular acceleration 6 of the light at this instant, r « - 2000 csci 


\ ' 


8 = 4 rad/s 


r = 2000 esc 6 

r - -2000 cscOodB 0 
Atr = 3000 ft, 9 ~ 41.8)03° 
r = -3354.102 9 
v = /(b 2 + (r0)t 

( 8 O ) 2 = [(-33J4.102) 2 + (3OOO) 2 ](0) 2 
8 » 04)177778 - 0.0178 nd/s A n» 


r - - 2000 cscOctnO 9 
At r - 3000 ft, 0 «= 41.8103° 
r - -3354.102 6 
4 , -r'6 + 2r6 

a, - 3000 6 + 2(—3354.102)(0.0177778) 2 
Since » 15 sin41.8103° = 10 m/s 
Then, 

6 = 0.00404 rad/s 2 Ans 


4 LVOV 

V s -«• 


r-SoooJt 







12-163. A particle P moves along the spiral path r = 
(10/6) ft, where 8 is in radians. If it maintains a constant 
speed of v 20 ft/s, determine the magnitudes v r and v B 
as functions of 9 and evaluate each at 9 = 1 rad. 


10 

6 


10 


0* 


Since v 2 = 'r + ^-0^ 




( 20 )' 


Thus, 0 = 


202 


aJ 1 + 02 




10 \( 202 1 


02 


Vt + 02 


20 


Vl+0 2 


02 


When 0 = 1 rad. 


20 


v <- = j ——= —14.1 ft/s Ans 


20 


v s = -p = 14.1 ft/s Ans 

[ft) 


Ans 


Ans 
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*12-164. A particle travels along the portion of the “four- 
leaf rose" defined by the equation r = (5 cos 26) m. If the 
angular velocity of the radial coordinate line is 
6 = {'it 2 ) rad/s, where t is in seconds, determine the radial 
and transverse components of the particle’s velocity and 
acceleration at the instant 9 = 30°. When t = 0, 9 = 0. 



MB <= 30“ = - 

V 

t « (*/6) 1 ' 5 = 0.806 
9 - 1.93 
6 «= 4.84 
t - 5 cos 2 9 
r m - lOsin20 6 

r = -10(2cos26(e) 2 + sin2 9 0) 

M9 * 30“ 

2.3 

r- -16.88 
r «= -79.87 

», = >•=-16.9 m/s A ns 

y, = r9 = 2.5(1.95) = 4.87 m/s Ans 

a, = r - K9) 2 ■ -79.86 - 2.5(1.95) 2 = -89.4 m/s 1 Ans 

a, = r » + 2r« » 2.5(4.84) 4 2<-16.88)(1.95) = -53.7 m/s 1 Ans 










*12-165. The double collar C is pin connected such that 
one collar slides over a fixed rod and the other slides over 
a rotating rod AB. If the angular velocity of AB is given 
as 6 = (e 0 ' 5 ' 2 ) rad/s, where f is in seconds, and the path 
defined by the fixed rod is r = |0.4 sin 6 + 0.2j m, 
determine the radial and transverse components of the 
collar’s velocity and acceleration when t = 1 s. When t = 0, 
6 = 0°. Use Simpson’s rule to determine d at t = 1 s. 



9 = € 05 '1,.1. = 1.649 rad/s 


.649 rad/s 2 


9= f ' e°- 5 ''dt= 1.195 rad = 68.47° 
Jo 


r = 0.4sin9+0.2 


r = 0.4cos 96 


r = -O.4sin09 +O.4cos09 


At / = l s. 


r = 0.5721 


r = 0.2421 


r =-0.7694 


v r = r = 0.242 m/s Ana 


v, = rfl = 0.5721(1.649) = 0.943 m/s An* 


a r = r-r6 =-0.7694 - 0.5721(1.649) 2 =-2.32m/s l An» 

a« = r9+2r9 = 0.5721(1.649) + 2(0.2421)(1.649) = 1.74 m/s 2 An* 
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12-166. The roller coaster is traveling down along the 
spiral ramp with a constant speed v = 6 m/s. If the track 
descends a distance of 10 m for every full revolution, 
9 = 2tt rad, determine the magnitude of the roller 
coaster’s acceleration as it moves along the track, 
r = 5 m. Hint: For part of the solution, note that the 
tangent to the ramp at any point is at an angle 
<f> = tan~ l [10/27r(5)] = 17.66° from the horizontal. Use 
this to determine the velocity components v H and v z , 
which in turn are used to determine 9 and z. 


* = 17.66“ 


v, = -6 sml7.66° - -1.820 m/a 
v, « 6 cot 17.66° ■» 5.717 m/s 


Since r * 5 



r« = v 4 = 5.717 


• 5.717 

0 = — = 1.143 


v 1 “ (6 S + (r«) 2 


0 *■ 2rr + 2(r0)(r0 + rff) 


», - r - re = 0- 5(1.143) 2 » -6.537 m/s 2 


<% = r8 + 2r« = 0 


= z •= v t = 0 


a « 6.34 mis 1 An* 


12-167. A cameraman standing at A is following the 
movement of a race car, B, which is traveling around a 
curved track at a constant speed of 30 m/s. Determine the 
angular rate 8 at which the man must turn in order to keep 
the camera directed on the car at the instant 9 = 30°. 




A^\B 


v 8 = 30 m/s 


20 m 

20 m jlj 


r - 2(20cos8) - 40 cos 9 


r = —40 sin 6 S 



v=m, + r8u. 


» = vOi 2 + (r8)» 


(30) J = (—40sin8) z (8) 2 + (40cos8) 2 (8) 2 
(30) 2 = (40) 2 («in 2 8 + cos 2 8)(8) 2 


30 

40 - 0.75 nd/s 


IVAViVUilMMUMWlIKIIMIIMI 
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*12-168. The pin follows the path described by the 
equation r = (0.2 + 0.15 cos 6) m. At the instant 6 = 30°, 

B = 0.7 rad/s and 8 = 0.5 rad/s 2 . Determine the 
magnitudes of the pin’s velocity and acceleration at this 
instant. Neglect the size of the pin. 

r = 0.2 + 0.15cosS = 0.2 + 0.15cos30° = 0.3299 m 
f _ _o. 1 5 sin 88 = -0.15 sin 30°(0.7) = -0.0525 m/s 

r = -0.15[cos0<? 2 + sinSS] = -0.15[cos30°(0.7) 2 + sin30°(0.5)] = -0.10115 m/s 2 

u. = r = -0.0525 m/s 
Vs = r8 = 0.3299(0.7) = 0.2309 m/s 
„ = + uj = /(-0.0525) 2 +(0.2309)2 - 0.237 m/s Ans 

a r = f- r9 2 = -0.10115 - 0.3299(0.7) 2 = -0.2628 m/s 2 
a e = r0+2r0 = 0 . 3299 ( 0 .5)+ 2 (-0.0525) (0.7) = 0.09145 m/s 2 
a = /ST+^f = /(-0.2628) 2 + (0.09145) 2 = 0.278 m/s 2 An* 


r = 0.2+ 0.15 cos 8 



9 = 0.7 rad/s 


12-169. For a short time the position of the roller-coaster 
car along its path is defined by the equations r = 25 m, 
9 = (0.3r)rad, and z = (-8cose) m, where t is in 
seconds. Determine the magnitude of the car’s velocity 
and acceleration when / = 4 s. 


r= 25 m 

6 = 034,., . = 13 rad 

/=o 

0 = 0.3 nd/s 

r=o 

Cb: 

It 

O 

z = -8cosfl 

2.2369 

2 a 8[cos00*+aiii00]!#.i.2i* a> 0.2609 m/r 


Vr = r=0 v, = rfj = 25(03) = 7.5 m/s u, = z = 2.2369 m/s 

„ = ^T+o>TS| = /0»+73*+2336^ = 7.83 m/s 


An* 



4 . = f-r« 2 =0-25(0.3) 2 = -2.25 m/s 2 
a, = rf»+2/9=25(0) + 2(0) (03) = 0 
a, = z = 03609 m/s 2 

a= = /<-23S)*+0»+O.26u£ - 2.27 m/s 2 
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12-170. The mechanism of a machine is constructed so that 
the roller at A follows the surface of the cam described by 
the equation r = (0.3 + 0.2 cos 6) m. If 9 — 0.5 rad/s and 
0 = 0, determine the magnitudes of the roller’s velocity and ^ = 
acceleration when 6 = 30°. Neglect the size of the roller. 

Also compute the velocity components (v^)* and {v A ) y of . 0 
the roller at this instant. The rod to which the roller is 
attached remains vertical and can slide up or down along r = (0.3 + 0.2 cos 0) 
the guides while the guides translate horizontally to the left. 

r m -0.2 sin0 8 



-02(cos6 8 + sine 8) 


r = 0.3 + 0,2 cos 9 


; At 8 « 30° 


r - 0.473 


r = -0.05 


r = -0.0433 


v, = r “ —0.05 


v, = r8 - 0.473(0.5) « 0237 
v „ /(-0.05) 2 + (0.237P = 0.242 m/s Ans 

a, , r - r 6 - -0.0433 - 0.473{0.5) 2 
^ - —0.162 m/s 2 

<% «re + 2re = 0+ 2(-0.05)(05) 
a, » -0.05 m/s 2 

a = /(-0.162) 2 + {—0.5) a = 0.169 m/s 2 Ans 
(<L) v, - 0.05 cos 30“ + 0.237 sln30° 

v, = 0.162 m/s Ans 

(+1) v y = -0.05 sin30“ + 0237 cos30“ 



Vy ** 0.180 m/s 
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12-17L The crate slides down the section of the spiral ramp 
such that r = (0.5z) ft and z = (100 — 0.1? 2 ) ft, where t is 
in seconds. If the rate of rotation about the z axis is 1 
0 = 0.047rf rad/s, determine the magnitudes of the velocity 
and acceleration of the crate at the instant z = 10 ft. 



7 = 0.5z 


z = 100-0.I/ 2 


7 = 50-0.05(30)*= 5 


> = -0.1 (30) =-3 


r= 50 - 0.05/* 


r = -0.1/ 


r = -0.1 


9 = 0.04 jt / rad/s = 0.12566/ rad/s 


0 = 0.12566 


z = -0.2/ 


z =-0.2 


Al z= 10ft, 


10 = 100 - 0 . 1/ 2 


0 = 0.12566(30) = 3.76991 


0 = 0.12566 


z =-0.2(30) =-6 


z = -0.2 


v, = r = -3 


= r0 = 5(3.76991)= 18.850 


v, = z = -6 


a* = 70 + 2r0 = 5(0.12566) + 2 (-3) (3.76991) = -21.99 


a. =z =-0.2 


a = J (-/ 1 . IbY + (-21.99)2 + (-0.2)2 = 74.5 ft/s 2 Ans 


v = A-3) 2 + (18.850) 2 +(-6)? = 20.0 ft/s Ans 
Or = r-rd = -0.1 -5(3.76991) 2 =-71.16 
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*12-172. If the end of the cable at A is pulled down with 
a speed of 2 m/s, determine the speed at which block B 
rises. 


Position - Coordinate Equation : Datum is established at fixed pulley C. 
The position of point A and block B with respect to datum are s A and s B 
respectively. 


2s b +s a =1 


Time Derivative : Taking the time derivative of the above equation yields 


2t>» + u, =0 


Since v A =5 m/s, fromEq.[l] 


2v b + 2 = 0 

Ufl = -1 m/s = 1 m/s T 




12-173. If the end of the cable at A is pulled down with 
a speed of 2 m/s, determine the speed at which block B 




Position - Coordinate Equation : Datum is established at fixed pulley D, 
The position of point A , block B and pulley C with respect to datum are , j s 
and s c respectively. Since the system consists of two cords, two position - 
coordinate equations can be derived. 

-Sc)+( S B-Sc) + S B =f| [1] 

s b + s c = h 12] 

Eliminating s c from Eqs.fl] and [2] yields 



s A +4s® =h +24 

Time Derivative : Taking the time derivative of the above equation yields 


v a +4v b =0 


Since =2 m/s, from Eq.[3] 


2+4u s =0 

v B = -0.5 m/s = 0.5 m/s T 
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12-174. Determine the constant speed at which the 
cable at A must be drawn in by the motor in order to 
hoist the load at B 15 ft in 5 s. 





-15 

5 


-3 ft/s 


4», + i x = 1 


4Ar, = -At, 


4v, = - v A 
4{-3) = -v, 
v„ = 12 tl/s -* 


12-175. Determine the time needed for the load at B to 
attain a speed of 8 m/s, starting from rest, if the cable is 
drawn into the motor with an acceleration of 0.2 m/s 2 . 



4 s B + jr 4 » / 

4v l “ -v A 

4a * m - "a 
4a, = -02 

a, = -0.05 m/s 2 

(+i > v * = (<',), + a,t 
-8 = 0- (O.Q5)(/) 
f = 160 s Ant 


L, 


3 ft/s t 


Au 


LVAVAVUSJ Kf] 1 1W LtJ ■ PI mm [SJ 




*12-176. Determine the displacement of the log if the 
truck at C pulls the cable 4 ft to the right. 


2 rg +(s B -s c ) = l 


3 *i -s c =/ 


iAsg - As c = 0 


Since As c = -4, then 
3 As b = -4 

&s * --1.33ft. 1.33 ft-* Ans 


12-177. The crate is being lifted up the inclined plane 
using the motor M and the rope and pulley arrangement 
shown. Determine the speed at which the cable must be 
taken up by the motor in order to move the crate up the 
plane with a constant speed of 4 ft/s. 


Position - Coordinate Equation : Datum is established at find pulley B. 
The position of point P and crate A with respect to datum ares, and s A , 
respectively. 

&A +(** ~s r ) = l 
3 s A -s f =0 

Time Derivative : Talcing the time derivative of the above equation yields 

3o*-u, = 0 [1] 

Since ti* =4 ft/s, from Eq.[l] 

(+ ) 3(4)-u, =0 

v P = 12 ft/s Ans 


ftWAVnaBwummiKiiMiitsi 







12-178. Determine the displacement of the block at B 
if A is pulled down 4 ft. 


2 S A + 2s c = 1, 


Aj. = - Aj c 


t B “ *C * “4 


2 As. = Ai c 



2 As. = - At* 


2 As, = - 4 


At, = - 2 ft = 2 ft T 


12-179. The cable at B is pulled downwards at 4 ft/s, 
and is slowing at 2 ft/s 2 . Determine the velocity and 
acceleration of block A at this instant. 



2t* +(A-, C ) = / 

2v* = v c 


sc + (s c -sb) = I 


v » = 4v* 


«t = 4a, 


-i 


V* = -1 ft/s = 1 ft/s r Ans 


a, =0.5 ft/s =0,5 ft/s 2 l a. 
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*12-180. The pulley arrangement shown is designed for 
hoisting materials. If BC remains fixed while the plunger P 
is pushed downward with a speed of 4 ft/s, determine the 
speed of the load at A. 


+ (** ~*a) « t 
6*8 $ A ~ ! 


S v. - v. =0 




6(4) - V* 

Vj = 24 ft/s 


12-181. If block A is moving downward with a speed of 
4 ft/s while C is moving up at 2 ft/s, determine the speed 
of block B. 



s * + 2 jb +s c =l 


Va + 2v b + y c - o 
4 + 2v s -2 = 0 

v b =-l ft/s = [ ft/s T Ans 
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12-182. If block A is moving downward at 6 ft/s while 
block C is moving down at 18 ft/s, determine the relative 
velocity of block B with respect to C, 



12-183. If the end of the cable at A is pulled down with 
a speed of 2 m/s, determine the speed at which block 
E rises. 


Position-Coordinate Equation : Datum is established at fixed pulley. 
The position of point A, pulley B and C and block E with respect to 
datum are sa,sb,sc and s e- respectively. Since the system consists 
of three cords, three position-coordinate equations can be developed. 



2 SB + s A = 1 1 


sc + (sc — se) = h (21 

se + (se - s c ) = 1 3 13] 

Eliminating sc and s B from Eqs. [1], [2] and [3]. we have 
s A + 8 s E = h + 21 2 + 4/ 3 

Time Derivative: Taking the time derivative of the above equation 
yields 

v A + 8 i>e = 0 [41 

Since v A = 2 m/s. from Eq. [3] 



(4- f) 2 4- 8 v£ = 0 


ve = —0.250 m/s = 0.250 m/s f Ans 


tSKfflllMMifsllMlilsU 




*12-184. If block A of the pulley system is moving 
downward with a speed of 4 ft/s while block C is moving 
up at 2 ft/s, determine the speed of block B. 


S A + 2 s, + 2 J e = / 
v A + 2v a + 2v c = 0 
4 + 2v, + 2(-2) = 0 

v, = 0 Ant 



12-185. The crane is used to hoist the load. If the motors 
at A and B are drawing in the cable at a speed of 2 ft/s 
and 4 ft/s, respectively, determine the speed of the load. 


Position - Coordinate Equation : Datum is established as shown. The 
position of point A and B and load C with respect to datum are ^, s B and s c . 
respectively. 

4j c +s a +s g +2fc = / 


2 ft/s 4 ft/s 

-► A B - - 



Time Derivative : Since h is a constant Taking the time derivative of the 
above equation yields 

4o c + u A + Uj = 0 [1] 

Since v A = 2 ft/s and u„ = 4 ft/s, from Eq.[l] 

4v c + 2 + 4 = 0 

t) c = -1.50 ft/s = 1.50 ft/s T Ans 


12-186. The cylinder C is being lifted using the cable and 
pulley system shown. If point A on the cable is being 
drawn toward the drum with a speed of 2 m/s, determine 
the speed of the cylinder. 




www.e 
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12-187. The motion of the collar at A is controlled by a 
motor at B such that when the collar is at s A = 3 ft it is 
moving upwards at 2 ft/s and slowing down at 1 ft/s . 
Determine the velocity and acceleration of the cable as 
it is drawn into the motor B at this instant. 


Js\ +4 2 +J, = / 


+I6)‘j(2f /t )^ +s B =0 


s s = -s A s* (s) + 16) r 


s ‘ = [h) + 16 )" ! W + 16)'’ + ^ + 16)’’^ i A jj 

■ S '_ (j*f±y (^) 2 + SASA 

03+16)* (,J + i6)i 

Evaluating these equations : 

s B = -3(-2)((3) 2 + 16)'’= 1.20 ft/si Ans 
: ((3)(-2)) 2 (—2) 2 + 3(1) 




*12-188. The roller at A is moving upward with a 
velocity of v A = 3 ft/s and has an acceleration of a A = 
4 ft/s 2 when s ,i = 4 ft. Determine the velocity and 
acceleration of block B at this instant. 


sb +/(fa) z + 3 2 = / 


SB ) 2 + 3 2 J : (2s<)^ =0 

SB +[*3 +9]‘^i A j = 0 

SB -[(ra) 2 + 9] 5 (r3ja ] + [r 2 + 9j ! (sg )+[s3 +9j’(*aia)=0 


At s A = 4 ft, s A = 3 ft/s, s, * = 4 ft/s 2 


•*G) 


(4)(3) = 0 


v g = -2.4 ft/s = 2.40 ft/s -» Ans 


ss -Qj (4) 2 (3) 2 +Qj(3) 2 + (lj(4)(4) = o 


at = -3.85 ft/s 2 = 3.85 ft/s 2 -> An» 



|a = 4f 
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12*189. The crate C is being lifted by moving the roller 
at A downward with a constant speed of v A = 2 m/s 
along the guide. Determine the velocity and acceleration 
of the crate at the instant s=lm When the roller is at %c + + (4) i _ ; 

B, the crate rests on the ground. Neglect the size of the 

pulley in the calculation. Hint: Relate the coordinates x c ^ + t (J i + 16 ) -i« ( 2Xa )(^) _ 0 

and x A using the problem geometry, then take the first c 1 A 

and second time derivatives. , ' „ .. 


*- 3 * 5 ^ 



x c ~ * 16 )- ,,2 ( 2 **Hx x J ) + (x* + 16)- ,,2 (^)’+ (4 + 16)- ,,s (x x )(^)=0 

When s = 1 m, I = 8 m. 


x c = 3 m 


v. = x A = 2 m/s 


a A = x A = 0 


v c + l(3) 2 + 16r la <3)(2> = 0 



v c = -1.2 m/s = 1.2 m/s T A ns 

a c -l(3) 2 + 16r S,2 (3) 2 (2) 1 + ((3) 2 + WJ' I,2 (2) 2 + 0 = 0 


Or_= -0.512 m/s 2 = QJUZin/s 2 f Ann 


12-190. The girl at C stands near the edge of the pier 
and pulls in the rope horizontally at a constant speed of 
6 ft/s. Determine how fast the boat approaches the pier 
at the instant the rope length AB is 50 ft. 



The length i of cord is 
/(8) 2 + + x c = / 

Taking the time derivative: 


k(8) 2 + Jtjr 1 " 2 x b x m + *c “ 0 


x c = 6 ft/i 

When AB = 50 ft, 

x, = /(SO) 2 - (8) J = 49.356 ft 


From Eq. (1) 


i[(S) 2 + (49.356) 2 ]* 1 ' 2 2(49.356)(x,) + 6 = 0 


x t = -6.0783 = 6.08 ft/* 
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12-191. The man pulls the boy up to the tree limb C by 
walking backward. If he starts from rest when x A = 0 and 
moves backward with a constant acceleration a A — 
0.2 m/s 2 , determine the speed of the boy at the instant 
y B = 4 m. Neglect the size of the limb. When x A = 

8 m, so that A and B are coincident, i.e., the rope is 16 m 
long. 



Position - Coordinate Equation : Using the Pythagorean theorem to determine 
l AC , we have l AC = \Jx\ + 8 1 . Thus, 

f = (t c+y* 
l6 = 'Jx\+W+y s 
y„ =16-Vj:J+64 

dx K 

Time Derivative : Taking the time derivative of Eq.[l] where 
dy n 

and u B = — f-, we have 
at 

_ dye ... *x 

V ‘ ~ dt ^2 +64 dt 
x A 

V B =- , -y A 


At the instant y B = 4 m. from Eq.[l], 4 = 16-+ <*• = 8.944 ra. The velocity 

of the man at that instant can be obtained. 

t>a =(u 0 )i+ 2 K)x|>x-(*o)x] 
v\ =0+ 2(0.2)(8.944 - 0) 
u* = 1.891 m/s 


Substitute the above results into Eq.[2] yields 


i- - 8 9 —(1.891) a»-1.41 m/s = 1.41 m/s T Arts 

if 8.9442 + 64 

N ote : The negative sign indicates that velocity u B is in the opposite direction to that of 
positive y B . 
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*12-192. Collars A and B are connected to the cord that 
passes over the small pulley at C. When A is located at 
D, B is 24 ft to the left of D. if A moves at a constant 
speed of 2 ft/s to the right, determine the speed of B when 
A is 4 ft to the right of D. 


I = /(24J 2 + (10) 2 + 10 = 36 ft 


y/tlO) 2 + 4 + V + 4 ~ 36 


i (100 + 4 Y'ftsSB ) + 5 (100+ si )-*(2»a*4 ) = 0 


■-M- 


At s A = 4, 


100 + 4 
100+4 


/(10) 2 + i| + V (I0) z + (4) 2 = 36 


s, = 23.163 ft 


i, ( 4 < 2 > Y I00 + (23 ' 163), f - -0-809ft/s >0.809 ft/, ■ 
123.163 A 100 +4> J 


12-193. If block B is moving down with a velocity v B 
and has an acceleration a B , determine the velocity and 
acceleration of block A in terms of the parameters shown. 




""-‘ores m 


l- *t + /rj +*s 


°" ’• + 2 ( ‘* + A 2 )' 1 ' 2 2s A s A 


v A - V, , ZhOl + #yn 


K, * -v t (l + (—)*)■ 



* “ * " -v,a + (A )V «_ v , ( < )(1 + 

' * -* a + ( r/ ),a + + (-*,»>- Ans 
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12-194. Vertical motion of the load is produced by 
movement of the piston at A on the boom. Determine 
the distance the piston or pulley at C must move to the 
left in order to lift the load 2 ft. The cable is attached at 
B, passes over the pulley at C, then D, E, F, and again 
around E, and is attached at G. 

2 »c . + 2 s F = l 



12-195. Sand falls from rest 0.5 m vertically onto a 
chute. If the sand then slides with a velocity of Vc = 2 m/s 
down the chute, determine the relative velocity of the 
sand just falling on the chute at A with respect to the sand 
sliding down the chute. The chute is inclined at an angle 
of 40° with the horizontal. 

(+ T) vj =(v A )i+2a c (sA-u>) 
vj = 0 + 2(-9.81)(0.5-0) 
v A =-3.1321 m/s 

v /» = V C + V A/C 

-3.132lj = 2cos40°i-2 sin40°j + (v A/c )« i + (v^/c)»J 
0 = 2cos40° + (v^,c)x 
-3.1321 =-2sm40° + (v^ /C ) y 
Solving, 

(v A /c). =-1.5321 
(VAIc)y =-1.8465 


v A/c = /(-1.5321) 2 +(-1.8465) 2 = 2.40 m/s Ans 

'(os)’ 50 - 3 ' 7 4 ” 
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*12*196. Two planes, A and B, are flying at the same 
altitude. If their velocities are v A - 600 km/h and 
Vg = 500 km/h such that the angle between their 
straight-line courses is 6 = 75°, determine the velocity of 
plane B with respect to plane A. 



[ 500 ♦—} = [SOO^T] + V » M 

(<-) 500 = -600 cos75° + (v, M ) x 

= 655.29 <- 

(+1) 0 = - 600 sin75° + (v M ) r 

= 579.56 T 

< V »M> = v / ’(655.29)2 + (57956)1 
v a/m = *75 km/h 

0 = , 4ij. <1^ 

635.29' 


12-197. At the instant shown, cars A and B are traveling \ 
at speeds of 30 mi/h and 20 mi/h, respectively. If B is 
increasing its speed by 1200 mi/h 2 , while A maintains a \ 
constant speed, determine the velocity and acceleration 
of B with respect to A. 


i’ B = 20 mi/h 
v A m 30 mi/h-*- 



V, = V A + V »/A 

30* 

20 M - 30 + (V„ A ). + (»»»), 

<- -> t 

(4) -20sin30° * -30 + (v,„), 

(+t) 2000*30“ = (v* M ), 


(v»m)« “ TO"* 

(v»m), - 17.32 t 

v, IA - /(20) 2 + (17.32)* - 26.5 mi/h 
0 = Ma ><~) - 40.9“ ^ 


**=»*+ »*/A 
1200 30* 1333.3 

\J + = 0 + (Ojm), + (<blA>, 

N 30* . t 


(A) - 1200sin30° + 1333.3cos30“ = 

(+T) 1200cos30“ + 1333.3 sin 30° = (%,«), 


” 554 - 7 


“ 1705.91 


a, M = /(354.T) 2 + 1705.9) 1 - 1.79(10’) nn/h 2 
0 - un-(^|) -72.0* 
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12-198. At the instant shown, cars A and B are traveling 
at speeds of 30 mi/h and 20 mi/h, respectively. If A is 
increasing its speed at 400 mi/h 2 whereas the speed of B 
is decreasing at 800 mi/h 2 , determine the velocity and 
acceleration of B with respect to A. 


m 


30® 


v a = 20 mi^\ 
v A = 30 mi/h 



. 20 * 


[ 0J = 133331 + t *“ 1 = 14001 + [(a '" ,)J + 'K«>,) 


j£* . 


'SO- 30«N 

(A) 1333.3 cos30° + 800 sin30° 


400 + (%«). 

Km), = 1954.7 -» 

(+1) 13333 sin 30° - 800 cos 30° = (<% M ), 

(a,, A ), “ -26.154 = 26.1544 


Km) - /(1954.7)2 + (26.154)2 

a,, A = 1955 mi/h 2 A ns 


, 26.154 

0 - «.-( ]-- ) » 0.767° ^ A ns 


12-199. TVvo boats leave the shore at the same time and 
travel in the directions shown. If v A = 20 ft/s and vg = 
15 ft/s, determine the speed of boat A with respect to boat 
B. How long after leaving the shore will the boats be 800 ft 
apart? 


— 20sin30°i + 20cos30°J = I5cos45°l + 15sin4S°J + v 
- {-2a61l - 6.714JJ ft/s 

v *'» ~ /(-20.61)» + (-6.714)2 - 21.7 ft/s 

18.0' (7 


mn-cH!?) 

l 20.61 3 


Axis 

An# 


(800) 2 - (20 0 2 + (15 0 2 —2(20 0(15 J)cos75° 
f •> 36.9 s 


A ns 


Also 


id 


toot 
Ps'isi 



800 


800 

21.68 


36.9 s 


Ans 








*12-200. Two planes A and B are flying side by side at 
a constant speed of 900 km/h. Maintaining this speed, 
plane A begins to travel along the spiral path r = 
415000) knv where 0 is in-radians, whereas plane B 
continues to fly in a straight line. Determine the speed of 
plane A with respect to plane B when r = 750 km. 



Relative Velocity : At r= 750 km, 750= 15000, 0 = 0.5 rad = 28.64°. Here, 

«r = = 1^2? = 0 = 0.5, y/ = 26.57° and 0+ y = 55.21°. Applying 

W drldO 1500 
Eq. 12-34 gives 

= »i +v s/» 

900cos 55.21“i-t-900sin 55.21°J = 900i + v A/ , 

v AII ={-386.521 + 739.15]} km/h 

Thus, the magnitude of the relative velocity v AIB is 

v AIB = A -386.52) 2 + 739.15 J = 834 km/h Ana 

The direction of the relative velocity is the same as the direction of that for relative 
acceleration. Thus 


„ .,739.15 

0= tan 1 - — — = 62.4° 
386.52 
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12-20L At the instant shown, the bicyclist at A is traveling 
at 7 m/s around the curve on the race track while increasing 
his speed at 0.5 m/s 2 . The bicyclist at B is traveling at 85 
m/s along the straight-a-way and increasing his speed at 
0.7 m/s 2 . Determine the relative velocity and relative 
acceleration of A with respect to B at this instant 



v a = v i + y A /i 

[ 7 |\,1 = [8.5 -»] + [(v A/J ), -*) + [(v A/1 ), 4.) 

40 ° 

7 sin40° = 8.5 + 

(+ 4) 7 cos40° = ( V/t/e ) f 

Thus, 

< v a»)« = 4.00 m/s *- 

(v A/i ), = 5.36 m/s 4 

(Vs/s) = V (4.00) 2 + (536)2 

v A „ - 6.69 m/s Ana 

- -l 3-36 

9 ' tan ‘loo 5 = S33 ° ^ A “ 

(<?»>. = Jq = 0.980 m/s 2 
»x = ■* + »x/* 

[ 0.980] £ + [0.5] ^ = [0.7 - 4 ] + [(a„ ;J ), -*] + [< a „„) y 4} 

40 ” 

<-»> -0.980 cos40° + 0J sin40° = 0.7 + (a,,,,), 

(“a/i ), = 1.129 m/s 2 4- 


(+ 4) 0.980 sto40° + 0.5 cos40 <> = (a AI , ) y 

(^i/*)/ — 1.013 m/s 2 4 
(Ox/*) = ✓(1.129)2 + (1.013)* 
a nn — 1-32 m/s 2 An* 

t “ ,( I^5 ) sc41 - 9 ** 7 ' Am 
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12-202. At the instant shown, cars A and B are traveling 
at speeds of 55 mi/h and 40 mi/h, respectively. If B is 
increasing its speed by 1200 mi/h 2 , while A maintains a 
constant speed, determine the velocity and acceleration 
of B with respect to A. Car B moves along a curve having 
a radius of curvature of 0.5 mi. 



v A = 55 mi/h 


v, = —40cos30°l+40siu30°J = {-34.641+20J> mim 
v„ ={-531} mi/h 
y*/A = "»“▼* 

= (—34.641 + 20,1)—(-551) ={20.361 + 20j} mi/h 
l) aM = y'20.36 J + 20 s = 28.5 mi/h Ans 

0 = tin” 1 = 44.5° 4* Ans 

402 

(%>, =-J = =3200miAf (<%),= 1200mi/H i 

»j =(3200cos60 , -1200cos30° )I+(3200sin60°+1200sin30 ,> ) J 
= {560.771 + 3371.28}} mi/h 2 
• 4 =0 


»««=•»-** 

= {560.771 +3371,28j}— 0 = {560.771 + 3371.28}} mi/h 2 
<% M = ✓(560.77)*+ (3371.28)* _ 34 18 ^ Ans 

, 3371.28 

e=t “ «OT7 ' 806 ‘ * 


12-203. Cars A and B are traveling around the circular 
race track. At the instant shown, A has a speed of 90 ft/s 
and is increasing its speed at the rate of 15 ft/s 2 , whereas 
B has a speed of 105 ft/s and is decreasing its speed at 
25 ft/s 2 . Determine the relative velocity and relative 
acceleration of car A with respect to car B at this instant. 


j V * = V * + *A,M 

- 901 = -105 sin30° I + 105 cos30°} + 
v a/b = {-37.51 - 90.93J} ft/s 

v a„ = /R7.5)* + (—90.93^ . 9 8 .4 Ws 



6 * 


37.5 ’ 


67.6° «7 


•a 


= ** + *A/I 


\ 


Ans 


Ans 


— 15i 


300 J - 25 COS60-1 - 25 sin60»J - 44.1 sin60°l - 44.1 cos60-J +.„, 
*a/b = {10.691 + 16.70}} ft/s 2 
a '*>• = /wu.09)i + (16.70)2 «, log , 


I ft/s 2 


9 = um " ( rni>-™ * 


Ans 

Ans 
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*12-204. The two cyclists A and B travel at the same 
constant speed v. Determine the speed of A with respect 
to B if A travels along the circular track, while B travels 
along the diameter of the circle. 


v* = vsinOi+ucosSj v s = ui 


Vrf/» =Vrf -V fi 


= {usin0i + ucos#j)~ ui 
= (t)smS-u)i+ ucosflj 


Vmb = /(usin0-u) 2 + (l>cose) 2 


= 72U 2 -2t> 2 sinS 


= u/2(l - sinfJ) 


12-205. A man can row a boat at 5 m/s in still water. 
He wishes to cross a 50-m-wide river to point B, 50 m 
downstream. If the river flows with a velocity of 2 m/s, 
determine the speed of the boat and the time needed to 
make the crossing. 


Relative Velocity : 


v » =Vr + V»/r 

v b sin 45°i - v b cos 45°j = -2j + 5cos 9i - 5sin 0j 


Equating i and j component, we have 


-u t cos 45° = -2 - 5sin 6 
Solving Eqs.[l] and [2] yields 

9 = 28.57° 

v b = 6.210 m/s = 6.21 m/s 

Thus, the time t required by the boat to travel from point A to J? is 
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12-206. A passenger in an automobile observes that 
raindrops make an angle of 30° with the horizontal as the 
auto travels forward with a speed of 60 km/h. Compute 
the terminal (constant) velocity v, of the rain if it is 
assumed to fall vertically. 



12-207. At a given instant the football player at A tlirows 
a football C with a velocity of 20 m/s in the direction shown. 
Determine the constant speed at which the player at ff must 
run so that he can catch the football at the same elevation 
at which it was thrown. Also calculate the relative velocity 
and relative acceleration of the football with respect to B at 
the instant the catch is made. Player B is 15 m away from 
A when A starts to throw the football. 



15 m 


- v. + v„ 

-vj - -60i + v„ a 00630*1 - v„ a sin30°j 
(-») 0 = -60 + v„„cos30° 

(+T) -v r = 0- v rf ,sm30° 
v*. - 69.3 km/h 
v r m 34.6 km/h Ant 


Ball: 

(-*) a • i 0 + v,,t 

‘c = 0 + 20 co* 60° r 
(+ t) » ** v„ + o,t 

- 20 riiieo- =* 20 am 60 “ - 931 1 
I-33J. 
l c *> 3531 m 
Player B: 

(-») * ■* *o + » 0 f 

*| as 0 + V # t 

Require: 

33.31 = IS + v,(3_53) 

Va ** 5.75 m/a Ana 

At the time of the catch 
(v c ), a 20 CO*60° a JO m/a -* 

(v c ), a 20 aio«0“ a 17.32 m/a i 
y c » »a + *c/a 

101 - 17321 « 5.751 + (*„,).! + (v c „) r J 
(4) 10 = 5.75 + (»„,), 

(+t) -1732 a (v c „) y 

( v c/i)* = 4.25 m/s -*■ 

( v c/»)y * 17.32 m/s 

v c/a * V(«S)» + (17.32)1 = 17.* m/a 
17.32 

9 * = 76.2° °T8 

*c " + «e/j 

-9J1J - 0 + 

Oct § * 9.31 xxJs* i 


Am* 

Au 
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*12-208. A man can swim at 4 ft/s in still water. He 
wishes to cross the 40-ft-wide river to point B, 30 ft 
downstream. If the river flows with a velocity of 2 ft/s, 
determine the speed of the man and the time needed to 
make the crossing. Note: While in the water he must not 
direct himself towards point B to reach this point. Why? 


Relative Velocity : 


V„ =v, + v„„ 

3 4 

-U_i + -t>„j = 2i+4sin 0i+4cos 0j 
5 5 


Equaling the i and j components, we have 


= 2 + 4sin 8 

5 " 

4 

-u„ =4cos 9 

5 “ 


Solving Eqs. [1] and [2] yields 


8 = 13.29° 

v„ = 4.866 ft/s = 4.87 ft/s Arts 

Thus, the time t required by the boat to travel from points to B is 

(= fi£ = V^lf = 10.3s Ans 

v b 4.866 

In Oder for the man to reached point B, the man has to direct himself at an angle 8 
= 13.3° with y axis. 
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13-1. The moon has a mass of 73.5(10 21 ) kg, and the 

S 3 maSS ° f 5 - 98(1 ° 24) kg ‘ ,f their center * are 
384(10 ) m apart, determine the gravitational attractive 
force between the two bodies. 


F = 6.673(10" 


l.S( 10 2 i )(5.98( IQ 24 )) ! 
(38400*))* I 


F = 199(10**) N Am 


13-2. The 10-lb block has an initial velocity of 10 ft/s on 
the smooth plane. If a force F = (2.5/) lb, where / is in 
seconds, acts on the block for 3 s, determine the final 
velocity of the block and the distance the block travels 
during this time. 


v= 10 ft/s 


F=(2.5f)lb 



A ZF X -ma x \ $ 2.5/ = ^^^ja 


a - 8.05/ 


dv = adt 


T dv = f' 8.05/4/ 

•M0 Jo 


v = 4.025/ 2 +10 


When / = 3 s, 


When z = 3 s, 




I 'J3. K 

—-*" :j.2 


v = 46.2 ft/s Ans 


s ® 66.2 ft An* 


ds = vdt 




s = 1.3417/ 3 +10/ 


13-3. By using an inclined plane to retard the motion of 
a falling object, and thus make the observations more 
accurate, Galileo was able to determine experimentally 
that the distance through which an object moves in free 
fall is proportional to the square of the time for travel. 
Show that this is the case, i.e., s oc t 2 , by determining the 
time t B , t c , and t D needed for a block of mass m to slide 
from rest at A to points B, C, and D, respectively. Neglect 
the effects of friction. 





W si a 20° * — a 
8 


a m 9.81 (sin20°) * 3.355 ra/s 




2 m 1.09 s 

4 m 1.54 s 

9 m 2.32 s 
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20 km/h 


*13-4. The van is traveling at 20 km/h when the 
coupling of the trailer at A fails. If the trailer has a mass of 
250 kg and coasts 45 m before coming to rest, determine 
the constant horizontal force F created by rolling friction 
which causes the trailer to stop. 


20 km/h = 2( ^ } = 5.556 m/s 
3600 

(<-) v 2 — d ( ^ + 2 :«,.(* -.%) 

0 = 5.556 2 + 2(«)(45 - 0) 
a - -0.3429 m/s 2 = 0.3429 m/s 2 -> 

= ma x ; F = 250(0.3429) = 85.7 N Ans 



250(9.81) N 


250(0.3429) 


□ 

□ 

1! 

4 

-- 

<T~ 



o 

“cr 


13-5. A block having a mass of 2 kg is placed on a 
spring scale located in an elevator that is moving down¬ 
ward. If the scale reading, which measures the force in the 
spring, is 20 N, determine the acceleration of the elevator. 
Neglect the mass of the scale. 



+ t T,F y = ma y -, 20-2(9.81) = 2 a 

a = 0.19 m/s 2 f Ans 

The elevator is slowing down. 


13-6. The baggage truck A has a mass of 800 kg and is 
used to pull the two cars, each with mass 300 kg. If the 
tractive force F on the truck is F — 480 N, determine the 
initial acceleration of the truck. What is the acceleration 
of the truck if the coupling at C suddenly fails? The car 
wheels are free to roll. Neglect the mass of the wheels. 



• £ F, = ma x : 480 = [800 + 2(300) ]a 

a = 0.3429 = 0.343 m/s 2 Ans 
EO= ma x : 480 = (800 + 300)« 

a = 0.436 m/s 2 Ans 


I 11 I FL-, 

TT U O (J* TJ U 

480 N 


b-J—^U—O- 1 480 N 


I 
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13-7. The 500-kg fuel assembly for a nuclear reactor 
is being lifted out from the core of the nuclear reactor 
using the pulley system shown. It is hoisted upward with a 
constant acceleration such that s = 0 and v = 0 when t = 
0. and s = 2.5 m when t = 1.5 s . Determine the tension 
in the cable at A during the motion. 


(+ t) * = in + i'nl + ^ a c t 2 
2.5 = 0 + 0+|(a)(1.5) 2 

a = 2.222 m/s 2 


f 2 T 
a 

500(9.81) N 


+1 £ F y = ma y ; 2 T- 500(9.81) = 500(2.222) 


T = 3008 N = 3.01 kN Ans 


*13-8. The man weighs 1 80 lb and supports the barbells +1 £ F y . = ma y - f - too - 180 = — 
which have a weight of 100 lb. If he lifts them 2 ft in the 32 - 2 

air in 1.5 s starting from rest, determine the reaction of j 

both of his feet on the ground during the lift. Assume the (+t) * = -'o + v n t + -a,.t 2 

motion is with uniform acceleration. 



^ a 


13-9. The crate has a mass of 80 kg and is being towed 
by a chain which is always directed at 20° from the hori¬ 
zontal as shown. If the magnitude of T is increased until 
the crate begins to slide, determine the crate’s initial accel¬ 
eration if the coefficient of static friction is //, =0.5 and 
the coefficient of kinetic friction is = 0.3. 





Equations of Equilibrium: If the crate is on the verge of slipping, 
Fj = n s N — 0.5At. From FBD(a) 

+ tEfi=0; /V + Psin20°- 80(9.81) = 0 [1] 

i £ F x = 0; T cos 20° - 0.5 N = 0 [2] 

Solving Eqs. 11] and [21 yields 

r = 353.29 N A = 663.97 N 

Equation of Motion: The friction force developed between the crate 
and its contacting surface is F s = /u t At =03N since the crate is 
moving. From FBD(b), 

+ t E F y = ma y ; At - 80(9.81) + 353.29sin20° = 80(0) 

At = 663.97 N 

£ F x = ma x : 353.29cos 20° - 0.3(663.97) = 80« 
a = 1.66 m/s 2 


80(9.81) N 



(a) 


80(9.81) N a 



(b) 


inf 


Ans 


F f = 0.3 N 




13-10. The crate has a mass of 80 kg and is being towed 
by a chain which is always directed at 20° from the 
horizontal as shown. Determine the crate’s acceleration 
in t = 2 s if the coefficient of static friction is fi s = 0.4 
and the coefficient of kinetic friction is fx k = 0.3 and the 
towing force is T = (90? 2 ) N, where l is in seconds. 

Equations of Equilibrium: At t = 2 s, T = 90(2 2 ) = 360 N. From 
FBD(a) 

+ t£/ r v=0; N + 360sin20° -80(9.81) =0 N = 661.67 N 

0; 360 cos 20° - F f = 0 F f = 338.29 N 

Since F f > (F>) m « = f t s N = 0.4(661.67) = 264.67 N, the crate 
accelerates. 

Equation of Motion: The friction force developed bet ween the crate 
and its contacting surface is F f = fi k N = 0.3 N since the crate is 
moving. From FBD(b), 

+1 £ F s = '»%; N - 80(9.81) + 360sin20° = 80(0) 

N = 661.67 N 

-i E F x = ma x \ 360cos 20° - 0.3(661.67) = 80a 



a — 1.75 m/s 2 


Ans 


13-11. The water-park ride consists of an 800-lb sled 
which slides from rest down the incline and then into the 
pool. If the frictional resistance on the incline is F r = 
30 lb, and in the pool for a short distance F r = 80 lb, 
determine how fast the sled is traveling when s = 5 ft. 


+ SY,F =ma,-. 800sin45° -30= —a 

32.2 

a =21.561 ft/s 2 
V 1 = v f> + 20 - so) 



t>7 = 0 + 2(21.561)(100V (2-0)) 
t'i = 78.093 ft/s 

+ r 0A 800 
•*- L O = ■■ - 80 = —a 

a = -3.22 ft/s 3 

t ! 2 — t’| +■ 2a,,(.S2 — .s'{) 

V? = (78.093) 2 + 2(-3.22X5 - 0) 



r> 2 = 77.9 ft/s 


Ans 






*13-12. The 6-lb particle is subjected to the action of its 
weight and forces F, = (21 + 6j - 2tk} lb, F 2 = {t 2 i - 
4rj — Ik) lb, and Fj= (—2fi) lb, where t is in seconds. 
Determine the distance the ball is from the origin 2 s after 
being released from rest. 


£F = m* (2i+6j —2ik) + (, 2 i-4(j- lk)-2d-6k = ^^^J(a I i+a )r j + a lk) 

Equating components : 

Gtl^ = ' 2 ~ 2 ' +2 id ~ 2 h = ~ 4,+6 ( 5 h . h = ~ 2, ~ 7 

Since dv = a dt, integrating from v - 0, 1 = 0, yields 

GtlM?-' 2 * 2 ' iihh- 2 ' 2 * 6 ' ( 5 n)*--**- 7 * 


Since ds = vdt, integrating from s = 0, 1 = 0 yields 

{w2) Sx = n~l + ‘ 1 = "T +3 ' 2 i5uh = J 3~T 

When/ = 2 s then, s, = 14.31 ft, s, = 35.78 ft s z =-89.44 ft 


* = V (14.31)2 + (35.78P + (-89.44) 2 = 97.4 ft Ans 


13-13. The 2-lb particle A is acted upon by its weight 
and the force system F, = (2i + 6j - 2kl lb F, = 

(3i - lk) lb, and F 3 = (11 - t 2 j - 2k) lb, where ) is in 
seconds. Determine the distance the particle is from the 
origin 3 s after it has been released from rest. 

lF,=ma x -. 2 + 3+1 = (— 

lF y =ma y ; 6_ ' 2 = (^) a r 

- 2 - 1 - 2-2 = 

Since dv = a dt, integrating from v = 0 when t = 0, 

(sn)** 6 ' ijnh =6, -j (ihh = - 7t 

Since ds = vdt, integrating from s x = s t = 0, r, =3 ft when t = 0, 

(s)'-- 3 ' 1 (mh-*-n** m » C^5>—l- 1 

When /= 3 s, s, = 434.70 ft s, = 329.025 ft s, = -507.15 ft 
s = /(434.70) 2 + (329.25) 2 + (-507. 15) 2 = 745 ft An* 
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13-14. Each of the two blocks has a mass m. The coefficient 
of kinetic friction at all surfaces of contact is /x. If a horizontal 
force P moves the bottom block, determine the acceleration 
of the bottom block in each case. 



(a) 




B 


P < 

' A ' 



- — . 



(b) 


«0 


<» 


Block A : 


= ma,\ P-3itmg^ma A 

“* “ n ~ A “ 

o* = ~ 

Block A: 

A £/; = na,; P-T - 3 pmg = ma. 

Block B: 

A ZF, = m a,; pmg - T = m a. 

Subtract Eq.(3) from Eq.(2): 

P - Apmg = m(a A -a,) 

P 

Use n, * --2pg Am 



13-15. The driver attempts to tow the crate using a rope 
that has a tensile strength of 200 lb. If the crate is 
originally at rest and has a weight of 500 lb, determine 
the greatest acceleration it can have if the coefficient of 
static friction between the crate and the road is fi s = 0.4, 
and the coefficient of kinetic friction is fi k = 0.3. 



sjjuc me crate, me lowing force must ov ercome 

friction. 




-> ZFj, = 0; —rcos30° 4-0.4//= 0 
+ TE/5=0; /V+Tsin 30 s -500 = 0 


T .SOOlb 


Ml 

[2J 


vVtl 

!=*=*• 0.4*4 


Solving Eqs.[IJ and I2J yields: 


187.6 lb //-406.21b 

Since T< 200 lb, the coni will not break at the moment the crate slides. 


After the crate begins to slide, the kinetic friction is used for 
the calculation. 


+1 Z/y 
-+Z/J =ma,\ 


//+200$in30°-500 - 0 //-4001b 


200cos30°-0J(400) 
c = 3.43 ft/s 2 


500 
32.2 * 


3 »° 


, Sooll, 


T 


0.%H 


A ns 










*13-16. The double inclined plane supports two blocks 
A and B, each having a weight of 10 lb. If the coefficient 
of kinetic friction between the blocks and the plane is 
(Xk = 0.1, determine the acceleration of each block. 

Equation of Motion: Since blocks A and B are sliding along the plane, 
the friction forces developed between the blocks and the plane are 
(Fj)a = it k N A = 0.1 N a and (/>)« = HtN B = 0AN B . Here, a A = 
a B = a. Applying Eq. 13-7 to FBD(a), we have 

\ + £Fy = may; N A - 10cos60° = (0) N A = 5.00 lb 

S+E F,-=ma x .; T + 0.1(5.00) - lOsin60° = -a fl] 
From FBD(b), 


Z+T.Fy - may ; 


N b - 10 cos 30° 



N B = 8.660 lb 


\+'LFy=may, T - 0.1 (8.660) - 10sin30° 



[ 2 ] 


Solving Eqs. [] | and |2| yields 
a = 3.69 ft/s 2 Ans 
T = 7.013 lb 


13-17. The speed of the 3500-lb sports car is plotted 
over the 30-s time period. Plot the variation of the traction 
force F needed to cause the motion. 


Kinematics: For 0 < / < 10 s. v = — t = (6/} ft/s. Applying equa- 
dv 

non a = —, we have 
dt 


a = 


dv 

It 


= 6 ft/s 2 


cm. m a — 60 80 — 60 

For 10 < / < 30 s, y—-j-jj = — _ , v = (r + 50) ft/s. Applying 

dv 

equation a = —.we have 
dr 


Equation of Motion: 

For 0 < t < 10 s 

+ V- r- „ / 3500 \ 

*~Y.F x =ma x ; F = 1 \ (6) = 652 lb Ans 

For 10 < t < 30 s 


£ E x — may, F = ( (1) = 109 lb Ans 







13-18. The man pushes on the 60-lb crate with a force 
F. The force is always directed down at 30° from the 
horizontal as shown, and its magnitude is increased until 
the crate begins to slide. Determine the crate’s initial 
acceleration if the static coefficient of friction is /jl s = 0.6 
and the kinetic coefficient of friction is fz k = 0.3. 



Force to produce motion : 


-* IF, =0; Fcos30° - 0. 6N = 0 

+ l"£Fy =0; N— 60— Fsin30° = 0 


p to it 

'^[±3 


A/ = 91.80 lb f = 63.60 lb 


Since N = 91.80 lb, 


-ma x \ 63.60cos30°-0.3(91.80) = 


a * 14.8 ft/s 2 Am 


t3.(,CU> 


T 


13-19. A 40-lb suitcase slides from rest 20 ft down the 

P-tat where i/'S £ 

ground at C. How long does it take to go from A to C? 



+\ 2F m = m a,; 40 «in30° = ——a 

32.2 


a = 16.1 ft/s* 


(hNJv 2 = vj + 2<^(i-i 0 ); 


v 1 , = 0 + 2(16.1)(20) 


v, = 25.38 ft/s 
» = v 0 + a, r. 


25.38 - 0 + 16.1 r.. 


U, = 1.576 s 


(-*)•*. - (s ,)„ + (v,)„ r 

/t = 0 + 25.38 cos30* (tic) 

(+ 4) s y = (Sy) c + (v y )„ t + -t^t 2 

4 = 0 + 25.38 sin30 s t, c + ^(32-2)(/» c ) 1 


r, c = 02413 s 


= 530 ft 


Total time = t A , + t, c = 1.82 s A ns 
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*13-20. Solve Prob. 13-19 if the suitcase has an initial 
velocity down the ramp of v A = 10 ft/s and the 
coefficient of kinetic friction along AB is fi k = 0.2. 


+ N «XE = ma.\ 40 sin30 - 6.928 * ——a 

32.2 


a = 10.52 ft/s 2 



—R — 


v 2 = vl + 2 n,(s-s a ); 


v\ = (10) 2 + 2(10.52)(20) 
v, = 22.82 ft/s 
f-M v = v 0 + n r, 

22.82 - 10 + 10.52 t Al 

t At « 1.219 s 

(-*) s, = (s,) 0 + (v,),, t 

5 = 0 + 22.82 cos30“ (t tc ) 

(+ A) Sy - ( j ,) 0 + (v ,) 0 t + i ^./ 2 






4 = 0 + 22.82 sin30“ l tc + -(32.2)(; >c ) 2 


t tc = 0.2572 s 


* « 5.08 ft 


Tottl time = t At + t lc = 1.48 s A ns 


13-21. The winding drum D is drawing in the cable at 
an accelerated rate of 5 m/s 2 . Determine the cable 
tension if the suspended crate has a mass of 800 kg. 



•a + = I 


% = - 2 a, 

5 = — 2 o. 



a, = -2.5 m/i 2 = 2.5m/s 2 T 
+ tXij =m<z,; 2r - 800(9.81) = 800(2J) 




r = 4924 N = 4.92 lcN An* 
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13-22. The 10-Ib block A is traveling to the right at 
v a = 2 ft/s at the instant shown. If the coefficient of kinetic 
friction is fx k = 0.2 between the surface and A, determine 
the velocity of A when it has moved 4 ft. Block B has a 
weight of 20 lb. 


Block A : 

*- ZF, = ma z ; - T+1 = (3J3)«* (1) 

Weight B : 

+ 4lT, =ma >; 20-2T=(^a a (2) 

Kinematics : 
s* + 2s B = / 
a* = -2a a (3) 

Solving Eq.s (1) — (3) : 

a A =-17.173 ft/s 2 a s =8.587 ft/s 2 T = 7.331b 
v 2 = +2 a c (s-so) 

v 2 = (2) 2 + 2(17.173)(4-0) 
v = 11.9 ft/s A ns 





13 - 23 . A force F = 15 lb is applied to the cord. 
Determine how high the 30-lb block A rises in 2 s starting 
from rest. Neglect the weight of the pulleys and cord. 



+ T ZF y =ma,-, —30+4 F ~—a A 

F - 15 lb 
a A - 32.2 ft/s 2 

(+ T) s ** J 0 + v„f + -i^r 2 


s = 0 + 0 + i(32.2)(2) 2 
!• 64.4 ft Ans 


F F JF Jf 

£ P 
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* 13 - 24 . At a given instant the 10-lb block A is moving 
downward with a speed of 6 ft/s. Determine its speed ^ = 

2slater Block B has a weight of 4 lb,and the coefficient , 
of kinetic friction between it and the horizontal plane is + 10 “ 27 ‘ 

= 0-2. Neglect the mass of the pulleys and cord ~ I 

Block a: 



*-T2\ = ma,\ -r+ 0.2(4) = — a. 


2>a +*i = 1 


2a* - ~«t 
Salving; 


a A = 10.403 ft/s 2 
q i = -20.81 ft/s 2 

(+4) v A = (v„)„ + 


v x - 6 + 10.403(2) - 26.8 ft/s 




13-25. Determine the required mass of block A so that 
when it is released from rest it moves the 5-kg block B 
0.75 m up along the smooth inclined plane in t = 2 s. 
Neglect the mass of the pulleys and cords. 


Kinematic : Applying equation s = s 0 + u 0 1 + -a c t 2 , we have 


( +) 0.75 = 0+0+-Og(2 2 ) a B = 0.375 m/s 1 


Establish the position - coordinate equation, we have 


*rfrz 

ll 



2 s A -b ( S A s b) ~ l ^ s A~ s B~l 


*r T -r 

'll L ' 


Taking time derivative twice yields 


From Eq.[l], 


3 Oa “4b =0 


3^ - 0.375 = 0 a A =0.125 m/s 2 


Equation of Motion : The tension T developed in the cord is the same 
throughout the entire cord since the cord passes over the smooth pulleys. 
From FBD(b), 

+S/J. =mty; T- 5(9.81)sin 60“ = 5(0.375) 

7-= 44.35 N 

From FBD(a), 

+ Tz/r =m ^ ; 3(44.35) —9.81m A =m A (—0.125) 

m A = 13.7 kg Ans 


43l 

L°~) 

r^ sw-Mt* 
\ Lfco s 
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13-26. A freight elevator, including its load, has a mass 
of 500 kg. It is prevented from rotating by using the track 
and wheels mounted along its sides. Starting from rest, in 
/ = 2 s, the motor M draws in the cable with a speed of 
6 m/s, measured relative to the elevator. Determine the 
constant acceleration of the elevator and the tension in 
the cable. Neglect the mass of the pulleys and cables. 

3ss + sp = / 

3v £ = -v p 

(+ i) Vp = V E + V PIE 


-3% = v £ + 6 



v c = “t = -1-5 tn/s = 1.5 m/s f 


(+?) v=v 0 +a c r 


1.5 = 0 + a £ (2) 


“e = 0.75 m/s 2 T A ns 
+ T ZF y =mOy; 47-500(9.81) = 


500(0.75) 


T= 1320N= 1.32kN Ans 



13-27. The safe 5 has a weight of 200 lb and is supported 
by the rope and pulley arrangement shown. If the end of 
the rope is given to a boy B of weight 90 lb, determine 
his acceleration if in the confusion he doesn’t let go of 
the rope. Neglect the mass of the pulleys and rope. 




+t ^ = ^ : r - 9 ° 


From FBD(b), 


+ TSF y = maf ; 27-200 = -^^ 

Kinematu : Establish the position - coordinate equation, we have 
2s s +s t =t 

Taking time derivative twice yields 

(+■ 1 ) Itif+og =0 

SolvingEqs.fi]. [2) and [3] yields 

= -2.30 ft/s 2 = 2.30 ft/s 2 T 
% = 1.15 ft/s 2 i 7= 96.43 lb 


7. .T 
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nl^h^M 400 '^ m ' ne Car ' S hoisted “P the inc <ine 
using the cable and motor M. For a short time, the force 

m the cable is F = (3200/ 2 ) N, where / is in seconds. If 
the car has an initial velocity v^=2 m/s when t = 0 
determine its velocity when t = 2 sr. 


V\ = 2 m/s 



S+U 320tt*-400(9.81)(f r )>=400 a 0=8^-4.616 


dvmadt 


f a V <#w = /* (8T 2 -4.616) 


4oe(<?.8/> 


v = 14.1 m/s 


"if 


13 - 29 . The 400-kg mine car is hoisted up the incline using j 
the cable and motor M. For a short time, the force in the 
cable is F = (3200/ 2 ) N, where / is in seconds. If the car has 
an initial velocity v, = 2 m/s at s = 0 and t = 0, determine I 
the distance it moves up the plane when / = 2 s. 


v ! = 2 m/s 



''♦X F,.=ma,.; 3200r I -400(9.81)(&) -400a 0-8^-4.616 

dv = adt 

i’<*' = /‘(8r , -4.616)dt 
v — — = 2,667f 3 - 4.616f + 2 


4«oC9.8l) 

k 


3Z oaC 1 


/; * = J* ( 2.667I 5 - 4.61«+ 2) rff 


t - 3.43 m 
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13-30. Determine the tension developed in the cords 
attached to each block and the accelerations of the blocks. 
Neglect the mass of the pulleys and cords. 



Equation of Motion : From FBD(a), 

+ t£J l 5=ma y ; 7^ -8(9.81) = -8o A 


From FBD(b), 


+1EJJ = may ; 


From FBD(c), 


+ t ZF, =0; 


T„ -6(9.81)= -da* 


2T C -T.=0 


From FBD(d), 


+ t£ij =0; 


2T,-T C =0 


Eliminate T c from Eqs. [3] and [4] yields 

T A = 4T B 

Kinematic : Establish the position - coordinate equation, we have 

** + (**-■*<:) = , i 
2Sc *FSfl = ll 

Eliminate s c from Eqs. [6] and [7] yields 

4s a + s b = 21, + 4 

Taking time derivative twice for Eq. [8] yields 
(+i) 4^+08 = 0 

Solving Eqs. [11. [2], [5] and [9] yields 

a, =-1.51 m/s 2 =1.51 m/s 2 T = 6.04 ra/s 2 l Ans 


\ Te 



U9d,) * 

W T Lh) 

Tc Tt \ 


T. =90.6N 


T„ = 22.6 N 
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13-31. The 2-kg shaft CA passes through a smooth 
journal bearing at B. Initially, the springs, which are 
coiled loosely around the shaft, are unstretched when no 
force is applied to the shaft. In this position s = s' = 
250 mm and the shaft is originally at rest. If a horizontal 
force of F = 5 kN is applied, determine the speed of the 
shaft at the instant ,v = 50 mm, s’ = 450 mm. The ends 
of the springs are attached to the bearing at B and the 
caps at C and A. 

Fcb — kcB* = 3000a F ab = k AB x — 2000 * 
i £ F, = ma x ; 5000 - 3000a - 2000a- = 2 a 

2500 - 2500a = a 


y-J L-.v 



a dx ~ v d v 

r0.2 


f 


(2500 - 2500x)dx 


-[• 


dv 


2500(0.2) 


i' = 30 m/s 


Ans 


*13-32. The 2-kg collar C is free to slide along the 
smooth shaft AB. Determine the acceleration of collar C 
if (a) the shaft is fixed from moving, (b) collar A, which 
is fixed to shaft AB , moves downward at constant velocity 
along the vertical rod, and (c) collar A is subjected to a 
downward acceleration of 2 m/s 2 . In all cases, the collar 
moves in the plane. 

(a) 

+ 1 / £ Tv' = ma X ’; 2(9.81) sin 45° = 2«c = 6.94 m/s 2 Ans 

(b) From part (a) a CM = 6.94 m/s 2 



ac = a .4 + Dr! A Where a, 4 = 0 


= 6.94 m/s 2 


Ans 


(c) 


a c. — a.A + 



= /i + ° C/A ^ ^ 

+ ,/ £ F x , = ma x -; 2(9.81) sin45° = 2(2cos45° + a C / A ) 


(2 kg) 2 m/s 2 
145° 

kg) a c/A 


a c/s = 5.5225 m/s 2 y 


From Eq. [1] 

„ _ 2 5.5225 3.905 , 5.905 

ac - i + ,/ = ^ + | 

oc = s/3.905 2 + 5.905 2 = 7.08 m/s 2 Ans 

„ , 5.905 

0 = tan = 56.5° W Ans 
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13-33. The 2-kg collar C is free to slide along the 
smooth shaft AB. Determine the acceleration of collar C if 
collar A is subjected to an upward acceleration of 4 m/s 2 . 



— ma ,; N sin45° = 2ci C /ab sin45° 

N — 2 a c/AB 

+1 L F ? = ma/, N cos 45° - 19.62 = 2(4) - 2a C /AB cos45° 
<*c/ab = 9.76514 


19.62 N 2(4) 



a C — a AB + a C/A8 

{a c h =0+ 9.76514sin45° =6.905 <- 

(a c )y = 4 - 9.76514cos 45° = 2.905 f 

a c = s/l.6.905) 2 + (2.905)- = 7.49 m/s 2 Ans 



13-34. The boy having a weight of 80 lb hangs uni¬ 
formly from the bar. Determine the force in each of 
his arms in t = 2 s if the bar is moving upward with 
(a) a constant velocity of 3 ft/s, and (b) a speed of v = 
(4t 2 ) ft/s, where t is in seconds. 



a) T = 40 lb Ans 

b) v — At 2 
a = St 


| 2T 



f 80 lb 


+ t£T = ™%; 27 —80 =—(80 
At t = 2 s, 

= 59.9 lb Ans 


WiWJMUtt] 




y 


13-35. The 30-lb crate is being hoisted upward with a 
constant acceleration of 6 ft/s 2 . If the uniform beam AB 
has a weight of 200 lb, determine the components of 
reaction at A. Neglect the size and mass of the pulley at 
B. Hint: First find the tension in the cable, then analyze 
the forces in the beam using statics. 


Craie: 

+ T = mo ,; T-30 = (^)(«) T= 35.59 lb 

Beam: 

0; -A, +35.59 = 0 A =35.6 lb Ans 

+1 XF y = 0; A -200- 35.59 = 0 A,=2361b Ans 




(+ZM a =0; M a - 200(2.5) - (35.59)(5) = 0 M A « 678 lb ■ ft Ans 



► ' 

3s:? 


f— ->t- —* 

1 


*13-36. If cylinders B and C have a mass of 15 kg and 
10 kg, respectively, determine the required mass of A so 
that it does not move when all the cylinders are released. 
Neglect the mass of the pulleys and the cords. 


Point D does not move. 

Forfl : 

+ lZF y =/m 2 ,; I5(9.81)-r= 15a 
ForC: 

+ T ZF y =ma,\ - 10(9.81) + T- 10a 
Solving, 

a = 1.962 m/s 2 T= 117.72 N 
By statics: 

For A: 

+ t Z,F f = ma ,; 


27 , -m„(9.81)*0 
2(117.72) 


m A = 


9.81 


= 24 kg Ans 




(f.tA 
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13-37. The conveyor belt is moving at 4 m/s. If the 
coefficient of static friction between the conveyor and the 
10-kg package B is/i s = 0.2, determine the shortest time 
the belt can stop so that the package does not slide on 
the belt. 


-*ZF, m ma,i 0.2(98.1) = 10<r 


a = 1.962 m/s 2 


(->) w - v 0 + q./ 


4 = 0 + 1.9621 


58.1 

i —* 

M =< W.l 



13-38. The 2-lb collar C fits loosely on the smooth shaft. 
If the spring is unstretched when s = 0 and the collar is 
given a velocity of 15 ft/s, determine the velocity of the 
collar when v = 1 ft. 


F,=kx-, F,=4(/TT?-1) 





-[2s 2 -4/TT^];=-i-(^-15 2 ) 


v= 14.6 ft/s A ns 


fi aJ 


13-39. The conveyor belt delivers each 12-kg crate to 
the ramp at A such that the crate’s speed is v A = 2.5 m/s, 
directed down along the ramp. If the coefficient of kinetic 
friction between each crate and the ramp is n k - 0.3, 
determine the speed at which each crate slides off the 
ramp at B. Assume that no tipping occurs. Take 0 = 30°. 


v A = 2.5 m/s 



S+ZF, =ma J ; N c - 12(9.81)cos30 o = 0 
N c = 101.93 N 

=m< 4 ; 12(9.81) sta30« - 0/3(101.93) = 12 ^ 

Oc = 2.356 m/s 2 

(►N v\ m v\ + 2l^(Sj - s 4 ) 

vj = (2.5 ) 2 + 2(Z356)(3— 0) 
v, = 4.5152 = 4.52 m/s A ns 


/ N 0 * 
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*13-40. A parachutist having a mass m opens his 
parachute from an at-rest position at a very high altitude. 

If the atmospheric drag resistance is F D = kv 2 , where k 
is a constant; determine his velocity when he has fallen 
for a time t. What is his velocity when he lands on the 
ground? This velocity is referred to as the terminal j 

velocity, which is found by letting the time of fall t —* oo . j + Ixf = mg tv 2 - * 



13-41. If a horizontal force P = 12 lb is applied to block 
A determ,ne the acceleration of block B. Neglect friction. 


Block A : 

4 lF x =ma x \ 12-/V B sinl5° = ja* 0) 
Blockfl: 

+1 ZF, = may ; N B cos 15° - 15 = (2) 

sg =j*tanl5° 
a* = n B tanl5° (3) 

Solving Eqs. (1)—(3), 
a B = 28.3 ft/s 2 Ni = 19.2 lb 
a g =7.59ft/s 2 Ans 



is' 

ji* u Ma 

15M> 


Nt 




fa 8 


- 4 - 



TsoT 
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13-42. Blocks A and B each have a mass m. Determine 
the largest horizontal force P which can be applied to B 
so that A will not move relative to B. All surfaces are 
smooth. 


a* =a B = a 
Block A : 


+ Ts/J,= 0 ; Ncos$-mg = 0 
<- tF, = ma x ; v sin0 = ma 


Block B : 


a = gland 



ma 

rb- 


N v 


<- tF„ = ma ,; P-NsinB = ma 

P - mg tan# = mg tanfl 
P = 2mg tan <9 Aim 


t wha 1 mas r Dett ™“ 

so ‘hat A will not slip up applied to B 

friction between A and /< k ^coefficient of static 
between B and C. ^ Ne ^ ect an y friction 


a A = 


+ TXf y =0; Ncos9-fi,N sin6-mg = 0 
<~ZF,=ma,; A/sin0 + ti 1 Atcos0 = ma 


AT-_!!!£__ 

cosS~/i,sine 


Icose-^sinflJ 


t-'JH 


- <na,; P - H,N cosB-N sinB = ma 


_ f sinO+ti,cosfl ^ 

tcosff-^sinflj ®Vcose-/j,sin9 J 

> = 2mg[ ™*±£™£ ) . 

*Vcose-^,sineJ Am 
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*13-44. Each of the three plates has a mass of 10 kg. If 
the coefficients of static and kinetic friction at each 
surface of contact are fx s - 0.3 and pi k = 0.2, respectively, 
determine the acceleration of each plate when the three 
horizontal forces are applied. 





Plata B,C and D 


-♦£/;= 0 ; 100-13-18-F- 0 


F„ = 03(294.3) = 88.3 N > 67 N 


Plate B will not slip 


a, = 0 Ana 


Plates £> and C 


-*IF, - 0; 100-18-F = 0 


F m „ = 0.3(196 2) = 58.86 N < 82 N 


Slipping bet w e e n B and C. 

Assume no slipping between D and G 


IF, = ma,\ 100- 39.24- 18 = 20 <4 


a, = 2.138 m/s 2 
Check slipping between D and C. 


-ilF, = « 4 ; F- 18 » 10(2.138) 


F„ = 03(98.1) = 29.43 N < 3938 N 
SUpping between D and C. 


-*XF, = ma,; 100- 39.24 - 19.62 = 10% 


% =4.11 m/s 2 


IF, = ma,; 19.62 - 18 = 10% 


% = 0.162 m/s 2 



c I—» 100 M 


F T~ 

Wb.3N 


‘ —*■ }00f4 


"+* F 


| 4 Itm | —* 100 si 

It-lrt 
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13-45. A projectile of mass m is fired into a liquid at an 
angle 0 O with an initial velocity v 0 as shown. If the liquid 
develops a frictional or drag resistance on the projectile 
which is proportional to its velocity, i.e., F — kv, where 
k is a constant, determine the x and y components of its 
position at any instant. Also, what is the maximum 
distance x max that it travels? 


4ar=»<i; -*vcos8=m«. 

+ TXI}-*V -mg-*vsi»0 = 




dx 4** 

dy & 
-mg " “ m tf* 

Integrating yields 
k 

|0 x * - 1 + W 




,t = 0, jt = v 0 cosflo, y 


x = v 0 cos8o * 

_ o m g -itlm) I 

^ = _ZL® + (v„sin 00 + —>« 

* * 


Integrating again, 

. = ^cos 0,*-“'”' + c, 
k 

y » -.^t-(v o sin0 o 

When t = 0, x = y = thus 

, = f^cos 0,(l-«- < *'" > ') 
k 


m v n cos 8p 
*■« = k 
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»13-46. The tractor is used to lift the 150-kg load B with 
the 24-m-long rope, boom, and pulley system. If the 
tractor is traveling to the right at a constant speed of 
4 m/s. determine the tension in the rope when s A = 5 m. 
When s A = 0, s g = 0. 


12- sg + *Js 2 A ~+ (12) 2 = 24 


+144)'’^^ j = o 

+ 144)'!^^ j +144)'»^) + (ii+ 144)' i ^ J r i ,j = 0 


(*l + 144)5 (ij +144)5 


, - r < s ) 2 ( 4 ) 2 ( 4> 2 h 

[((5) 2 +144)’ ((5)2+1 


= 1.0487 m/s 2 


/Z.i'* 

_LiE 


+ ‘tZF r =ma y \ T- 150(9.81)= 150(1.0487) 



r=1.63kN Ans 





13-47. The tractor is used to lift the 150-kg load B with 
the 24-m-long rope, boom, and pulley system. If the 
tractor is traveling to the right with an acceleration of 
3 m/s 2 and has a velocity of 4 m/s at the instant s A = 5 m, 
determine the tension in the rope at this instant. When 
s A = 0, s„ = 0. 


12 — Sg 4 - \ ( 12 )^ — 24 

-SB + 5(jit +144)"^2 j a s^ j = 0 

-SB-(si + 144) s A j +(jJ + 144pfjx j+(4 + 144)-2^,i„ 1 = 0 


sift jj+^4A 
(j2+144): (sj + 144) = 


(5) 2 (4) 2 (4) 2 +(5)(3) „„„„ , 2 

a s -;- r = 2.2025 m/s 

((5)2 + 144)2 ((5)2 + 144)2 


+ TXT, = may ; T- 150(9.81) = 150(2.2025) 


r=1.80icN Ans 




'$0(9. f/)A/ 
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*13-48. The smooth block B of negligible size has a mass 
m and rests on the horizontal plane. If the board AC 
pushes on the block at an angle 9 with a constant 
acceleration a 0 , determine the velocity of the block along 
the board and the distance s the block moves along the 
board as a function of time t. The block starts from rest 
when s = 0, t = 0. 



S+TF, 


/+ 

Hius, 


ma ‘ : ° = «%iin* 

** “ *AC + *» MC 

5* " + **«c 

<k sin* . sia g + 

0 - ”K-a* Sine + a,, Ac) 

a »/xc “ d, sine 

f mc a.. t‘ 

J o m HAc - } sinfl 
0 

W = <%sine/ Anj 


*B/AC * S * 




sine 


* “ ^sina* 2 


An* 



13-49. Block A has a mass m A and is attached to a spring 
having a stiffness k and unstretched length lo- If another 
block B, having a mass m B , is pressed against A so that 
the spring deforms a distance d, determine the distance 
both blocks slide on the smooth surface before they begin 
to separate. What is their velocity at this instant? 



Block A: 

— *XF x =ma x \ — Kx—d)—N = m^dA 

Block B : 

-*ZF X =ma ,; N - m B a s 

Since = a* = a. 



-k(x-d)-m B a = m A a 


a _ Bd-x) t ,_ brti{d-x) 
(m A +m B ) (mu +m t ) 


N = 0when d-x-0, or x = d An* 
vdv = adx 



kjd-x) 
(®to + m*) 


dx 



k 

(»tx +««) 



_ 1 kd 2 

2 Jo 2 (mx+mi) 



■/ 


W 

(mx +m g ) 


An* 


TsoT 


A/ I- - 
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13-50. Block A has a mass m A and is attached to a spring 
having a stiffness k and unstretched length l 0 . If another 
block B, having a mass is pressed against A so that 
the spring deforms a distance d, show that for separation 
to occur it is necessary that d > 2jXkg{m A + m n )/k, where 
fi k is the coefficient of kinetic friction between the blocks 
and the ground. Also, what is the distance the blocks slide 
on the surface before they separate? 


Block A : 

UlF x =ma x : - k(x-d)-N-u t m A g = m A a A 

Block B : 

UlF x =ma x ; N~ Hi,m B g = m s a B 

Since a A = a B = a, 

k(d-x)-Ui'g(.m A +m B ) _ kjd-x) 


N = 


(m A +m B ) 
km B (d-x) 


(m A +m B ) 


-dkg 


(m A +m B ) 

N = 0, then x = d for separation. A ns 

At the moment of separation : 
vdv = adx 

Hd-x) 


\ v vdv= f t-** - - dx-Htg\dx 
J o J 0 l>*+m s ) J 


'-v 2 > k 


2 (m A +m B ) 


[«Dx- \*-d*g*X 


W 


kd l - 2fii,g(m A + m B )d 
(m A +m B ) 


Require v>0, so that 
kd l -l)ltg(m A +m 8 )d> 0 
Thus. 

kd > 2d t g(m A + m B ) 


d> ~^(m A +nta) Q.E.D. 
k 


/! 
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13-51. The block A has a mass m A and rests on the pan 

B, which has a mass m B . Both are supported by a spring 

having a stiffness k that is attached to the bottom of the 

pan and to the ground. Determine the distance d the pan 

should be pushed down from the equilibrium position and For Equilibrium 

then released from rest so that separation of the block 

will take place from the surface of the pan at the instant i + “ ma >'’ 

the spring becomes unstretched. 


+ Tx^=m^; 5 = (m„ + m t )g 


y « = l 


5 _ («A + m t)X 

k k 





+ T ZFy = may ; -m A g + N = m A a 


Block and pan 


+ f IF, - ma,; ~(m A + m t )g + *(}„ + y) = («„ +m,)a 


t lhe ” n ' k " 0 '™* “>■>' 

Him: Use E,. T"t o re0 ,el n , ?! » « «00*> km. 

on the earth the force of gravity acting 


ZF n -ma n , M > = ~ 


s 2tt( 149.6) (10 9 ) . „ 

r 365(24)(3600) " 29 81 ( I0 ^ m/s 


-(-A ♦ «,)g * *[(=4^)f ♦ y] = ("a ♦ 


Require >' - 4, .V 0 
kd = -(«a + “e)? 


Since d is downward. 


(m A + m,)g 


[(29.81H10 3 )] 2 (149.6)(10 5 ) 

66.73(I0-' 2 ) = 1 99 (t0 3 °) kg Ans 


■>n >_ 

c ^ 


13-53. The sports car, having a mass of 1700 kg, is 
traveling horizontally along a 20° banked track which is 
circular and has a radius of curvature of p = 100 m. If the 
coefficient of static friction between the tires and the road 
is p s = 0.2, determine the maximum constant speed at 
which the car can travel without sliding up the slope. 
Neglect the size of the car. 



+ T 1.F b = 0; iVcos20° -0.2Nsia20 Q -1700(9.81) =0 
N= 19 140.6 N 

1 EF„ = ma.-, 19 140.6sin 20° + 0.2(19 140.6) cos 20° = 17Coj^^j 





u ma , = 24.4 m/s 
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13-54. Using the data in Prob. 13-53, determine the 
minimum speed at which the car can travel around the 
track without sliding down the slope. 


■TSFj, =0; JVcos20°+0.2/Vsin20 <! -1700(9.81) =0 


N = 16543.1 N 


. 16543.1sin20° -0.2(16543.1)cos20» = 1700l 


v n i 0 - 12.2 m/s 





13-55. A girl, having a mass of 15 kg, sits motionless relative ) 
to the surface of a horizontal platform at a distance of 
r = 5 m from the platform’s center. If the angular motion i 
of the platform is slowly increased so that the girl’s tangential 
component of acceleration can be neglected, determine the 
maximum speed which the girl will have before she begins 
to slip off the platform. The coefficient of static friction 
between the girl and the platform is /i - 0.2. 



Equation of Motion : Since the girl is on the verge of slipping, F } = p,N = 0.2 N. 
Applying Eq. 13 — 8, we have 

£/J=0; N— 15(9,81) =0 //=147.15N 




0.2(147.15) 


•'<?) 


i) = 3.13 m/s 


15(96 IM 
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*13-56. Solve Prob. 13-55 assuming that the platform 
starts rotating from rest so that the girl’s speed is 
increased uniformly at v = 0.5 m/s 2 . 



Equation of Motion : Since the girl is on the verge of slipping, F, = fi t N = 0.2iV. 
Applying Eq. 13 - 8 , we have 


= 0 ; 


N- 15(9.81) = 0 At s 147.15 N 


Z/)=ma,; 0.2(147.15)sin 0= 15(0.5) 6=14.76° 

0.2(147.15)cos 14.76° = 15^yj 
v = 3.08 m/s 


rf \Z=qZn' 

V"t 


13-57. The 600-kg wrecking ball is suspended from the 
crane by a cable having a negligible mass. If the ball has 
a speed v = 8 m/s at the instant it is at its lowest point, 
9 = 0 °, determine the tension in the cable at this instant. 
Also, determine the angle 8 to which the ball swings 
before it stops. 



+ tZF, ma,; T - 600(9.81) = 600(5^) 

T - 9086 N = 9.09 IcN 
+NI/J = ma,-, -600(9.81)sin6 - 600 4 

Set Of{ 12 d$) * vdv 

-9.81(12) J'sinfl d6 = I*vdv 

0 t 

—9.81(12)(-cosfl + 1 ) = -|( 8) 2 
0 - 43.3° A ns 


6 Jjv. f 


j* 

yf T 

S00<).?l)f4 
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13-58. Prove that if the block is released from rest at 
point B of a smooth path of arbitrary shape, the speed it 
attains when it reaches point A is equal to the speed 
it attains when it falls freely through a distance h; i.e., 
v = V2gA. ' ' 



AIF, =ma,; mg sin 9 = ma, a, = gsinS 

vdv= a, ds = gsindds However dy = dssin8 
L"vdv=\ 0 h gdy 


o 1 

~2 =gh 


u=/2gh Q.E.D. 


13-59. At the instant 6 — 60°, the boy’s center of mass 
G has a downward speed v G = 15 ft/s. Determine the 
rate of increase in his speed and the tension in each of 
the two supporting cords of the swing at this instant. The 
boy has a weight of 60 lb. Neglect his size and the mass 
of the seat and cords. 


60 , 
+\ZF,z*ma,; 60co»60° = a, = 16.1 ft/r 


/+ Ef; = ma,; 2T- 60 sin 60° 


60 H5M 

° 3 Z 2 (, 10 J 


r= 46.9 lb An* 




*13-60. At the instant 6 — 60°, the boy’s center of mass I 
G is momentarily at rest. Determine his speed and the ! 
tension in each of the two supporting cords of the swing 
when 6 = 90°. The boy has a weight of 60 lb. Neglect his 
size and the mass of the seat and cords. 



60co32.2c<*0 

/ ‘* XF * - ma ,; 2r-60sine = — m 

3Z2 [lO J 111 

v rfv = ads however ds - lOdO 

C v<,l, “C‘322cosarfe 
v = 9.289 ft/s 

FromEq.(l] Zr-fiOsinDO- - 

32.2^ 10 j 38.01b Ans 
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13-6L An acrobat has a weight of 150 lb and is sitting 
on a chair which is perched on top of a pole as shown. If 
by a mechanical drive the pole rotates downward at a 
constant rate from 8 = 0°, such that the acrobat’s center 
of mass G maintains a. constant speed of t)„ = 10 ft/s, 
determine the angle 8 at which he begins to “fly” out of 
the chair. Neglect friction and assume that the distance 
from the pivot O to G is p = 15 ft. 


Equation of Motion : If the acrobat is about to fly off the chair, the 
normal reaction N = 0. Applying Eq. 13 - 8 , we have 


ZF* = « 4 ,; 


150cos 8 = 


lSOflO 2 ^ 
32.2 ( 15 J 


0=78.1° 


A ns 


13-62. Solve Prob. 13-61 if the speed of the acrobat’s 
center of mass is increased from (v a ) 0 = 10 ft/s at 8 - 0° 
by a constant rate of v a = 0.5 ft/s 2 . 


Kinematics : Applying equation t > 2 = v% + 2a, (s -s„ ), we have 

u 2 = Hf + lfO-SMlse-O) = 100+150 

Equation of Motion : If the acrobat is about to fly off the chair, the 
normal reaction N = 0. Applying Eq. 13 - 8 , we have 

„ 15onoo+150'i 

150cOse= 3l2l—15—J 

Solving for 9 by trial and error, 6 = 75.6° A ns 
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13-63. If the crest of the hill has a radius of curva¬ 
ture p — 200 ft, determine the maximum constant speed 
at which the car can travel over it without leaving the 
surface of the road. Neglect the size of the car in the 
calculation. The car has a weight of 3500 lb. 

3500 = gf(^) 

v = 80.2 ft/s Ans 


k 


3500 lb 


N = 0 



*13-64. The airplane, traveling at a constant speed of 
50 m/s, is executing a horizontal turn. If the plane is 
banked at 6 = 15°, when the pilot experiences only a 
normal force on the seat of the plane, determine the radius 
of curvature p of the turn. Also, what is the normal force 
of the seat on the pilot if he has a mass of 70 kg? 



+ t Y. F b=ma h \ N P sin 15° - 70(9.81) = 0 

N r = 2.65 kN Ans 

'50 2 ' 


F„ — ma „; Nr cos 15° = 70 
p = 68.3 m 

70(9.81) N 


(?) 


Ans 


i 


Nr 


13-65. The 150-lb man lies against the cushion for 
which the coefficient of static friction is p s = 0.5. 
Determine the resultant normal and frictional forces the 
cushion exerts on him if, due to rotation about the z axis, 
he has a constant speed v = 20 ft/s. Neglect the size of 
the man. Take 6 = 60°. 


+ \ E F y = m(a „) } .; N - 150cos60° = ^ sin60' 

N = 277 lb 


Ans 


+ / - F+ 150sin60 o = cos60° 



F = 13.4 lb 

Note: No slipping occurs 
Since p. s N = 138.4 lb > 13.4 lb 


Ans 


150 lb 



13-66. The 150-lb man lies against the cushion for 
which the coefficient of static friction is p. s = 0.5. If he 
rotates about the z axis with a constant speed v = 30 ft/s, 
determine the smallest angle 6 of the cushion at which he 
will begin to slip off. 


•?! 2F„ = »ia„; 


0.5 N cos 9 + N sin 0 = 


150 

522 



+ f£F h =0-, - 150 + N cos 0 - 0.5 N sin 0=0 


N : 


150 

cos 9 — 0.5 sin 9 


8ft 



1501b 



(0.5 cos+ sin<9) 150 150 /(30) 2 \ 

(cos 9 - 0.5 sin B) ~ 32/2 \ 8 ) 


0.5 


cos 0 + sin 0 = 3.49378 cos 0 - 1.74689 sin 0 


0 = 47.5° 


Ans 



13-67. Determine the constant speed of the passengers 
on the amusement-park ride if it is observed that the 
supporting cables are directed at 0 = 30° from the 
vertical. Each chair including its passenger has a mass of 
80 kg. Also, what are the components of f orce in the n, u 
and b directions which the chair exerts on a 50-kg 
passenger during the motion? 



-£F. - m n; T S in30° - 80( — 

+ ?£$ =0; rcos30" - 80(9.81) = 0 


*HTsS30* 


ZF. = mu,; 


T = 906.2 N 


v a* 6.30 m/s 


(6.30) 2 

F h « 50(- * ■■ ) * 283 N 


^5 Fs 


ZF, = m a,; F, * 0 

ZI% m m<%; H - 490.5 = 0 


..it? 


FL = 490 N 


*13-6*. If the ball has a mass of 30 kg and a speed u = 
4 m/s at the instant it is at its lowest point, 0 — 0°, 
determine the tension in the cord at this instant. Also, 
determine the angle 6 to which the ball swings at the 
instant it momentarily stops. Neglect the size of the ball. 


+ T IF. = ma n' r-30(9.81> = 30(^ 



r=4l4N Ans 


+/Z.F, - ma ,; 


- 30(9.8 DsinS = 30a, 
a, =-9.81sm0 


a, ds = vdv Since ds = 4 49, then 
-9.811 8 sin0 (Add) = v ^ 




9.8l(4)cos0]J =-^(4) 2 
39 .24(cos9- l) = "8 


0=37.2° Ans 


3 
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13-69. The ball has a mass of 30 kg and a speed v = 
4 m/s at the instant it is at its lowest point, 0 - 0°. 
Determine the tension in the cord and the rate at which 
the ball’s speed is decreasing at the instant 0 = 20°. 
Neglect the size of the ball. 

A tF,=ma„\ r-3O(9.81)cos0 = 3O^ 

+ / sZF,=ma,-, - 3O(9.81)sin0 = 30a, 

a, = -9.81 sin# 




a, ds = vdv Since ds = 4 dd, (hen 


-9.81 ("sine (4 d9)={\dv 

J o .4 


9.81(4)cos0|* = i(v) 2 -i(4) 2 


39.24(cos0-l) + 8 = -v 2 


At 0 = 20° 


3a(9,TI)fJ 


v = 3.357 m/s 


a, = -3.36 m/s 2 = 3.36 m/s 2 / Ans 


T = 361 N 


13-70. The package has a weight of 5 lb and slides down 
the chute. When it reaches the curved portion AB, it is 
traveling at 8 ft/s (0 = 0°). If the chute is smooth, 
determine the speed of the package when it reaches the 
intermediate point C (0 = 30°) and when it reaches the 
horizontal plane (0 = 45°). Also, find the normal force 
on the package at C. 



j If, - mo,; 5cos 4 = —a, 

a, = 32.2 cos 4 


! VSl/; = maN - 5sin 4 = -i-(—) 
32 . 2 ' 20 ' 


v dv = a, ds 



f’vdv = j* 32.2cos 4 (20 1 / 4 ) 

• 43* 

^v*- ^(8) 2 = 644(sin4 - sin45°) 

At 4 » 45° + 30° = 75°, 
v c = 19.933 ft/s = 19.9 lt/s Ans 

Nc * 7.91 lb Ans 

At 4 - 45° + 45° = 90° 

Vj| = 21.0 ft/s Ans 
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13-73. The 0.8-Mg car is traveling over the hill having the 
shape of a parabola. If the driver maintains a constant 
speed of 9 m/s, determine both the resultant normal force 
and the resultant frictional force that all the wheels of the 
ear exert on the road at the instant it reaches point A. 
Neglect the size of the car. 


Geometry : Here, ^ = -0.00625* and ^ = -0.00625. The slope angle 6 


at point A is given by 


tan0= £Lo„ = - <)OO625 < 8O > •-awr 


and the radius of curvature at point A is 


y!dx) 2 J' 2 _ [1 +(-0.00625*) 


ld 2 yldx 2 \ 


1-0.006251 


= 223.61 m 


Equation of Motion : Here, 4 = 0 . Applying Eq. 13- 8 with 0 = 26.57° and 
p - 223.61 ra, we have 

ZF,=ma,-, 800(9.81)sin 26.57° -F f = 800(0) 

F f = 3509.73 N = 3.51 IcN Ana 

= 800(9.81) cos 26.57°-# = 8(X)f—— ) 

( 223.61 J 

N = 6729.67 N = 6.73 kN An* 


’- 20 "-igi r 



h / N 


6oo(9gt)/J 

^ / 8 =£ 6 - 57 * 




13-74. A girl having a mass of 25 kg sits at the edge of 
the merry-go-round so her center of mass G is at a 
distance of 1.5 m from the axis of rotation. If the angular 
motion of the platform is slowly increased so that the 
girl s tangential component of acceleration can be 
neglected, determine the maximum speed which she can 
have before she begins to slip off the merry-go-round. 
The coefficient of static friction between the girl and the 
merry-go-round is n s = 0.3. 



-> ZF. *= ma,; 0 . 3 ( 245 . 25 ) = 25 (—) 


v = 2.10 m/s 


>=«.3S (J 


i, ays. as u 
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13-75. The 10-lb suitcase slides down the curved ramp 
for which the coefficient of kinetic friction is jlc* = 0.2. If 
at the instant it reaches point A it has a speed of 5 ft/s, 
determine the normal force on the suitcase and the 
rate of increase of its speed. 


^ = um0 = -i =-1.5 9 = -56.31° 

dx 4 **-6 


d 2 y _ 1 
dx* ~ 4 


1 + 

fdy' 

V dx. 

H 


d l y 

5? 



[l+(-l-5) 2 ] j _ 


23.436 ft 


( 10 V 1 

+/If, =ma,: AT- 10cos56.31 = 

N= 5.8783 = 5.88 lb Ans 

+ \1F, = mar, -0.2(5.8783)+ I0sin56.31° = ( 3 ^)°* 
a, =23.0 ft/s 2 Ans 



>0 lb 



*13-76. The 2-kg spool 5 fits loosely on the inclined rod 
for which the coefficient of static friction is /x v = 0.2. If 
the spool is located 0.25 m from A, determine the 
minimum constant speed the spool can have so that it 
does not slip down the rod. „„4 s 

r p m 0.2S(-) - 0.2 m 






13-77. The 2-kg spool S fits loosely on the inclined rod 

for which the coefficient of static friction is j = 0.2. If 

the spool is located 0.25 m from A, determine the 

maximum constant speed the spool can have so that it 4 

, .. A p - 0.25(-) - 0.2 m 

does not slip up the rod. 5 

1--2F, = m«.; AT,(|) + 0.21V, (j) - 2(^) 

+1£$ = m <%; AT,(|) - 022W,(|) -2(9.81) = 0 

/V, = 28.85 N 
v = 1.48 m/s Ans 


1 


o.LH, 





4?^ 
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13-78. The man has a mass of 80 kg and sits 3 m from 
the center of the rotating platform. Due to the rotation 
his speed is increased from rest by v = 0.4 m/s 2 . If the 
coefficient of static friction .between his clothes and the 
platform is /j. s = 0.3, determine the time required to 
cause him to slip. 



F- H.N m - V(/?) 2 + «;>* 


0.3<80)(9.81) = y<32)» + ((80)y)* 

55 432 - 1024 + (6400)(j) 

v - 2.9575 m/s 
dv 

a, ** — 0.4 

dt 

/' dv - /' 0.4 dt 
• 0 

v * 0.4 t 

2.9575 * 0.4/ 

/ « 7.39 s An* 









13-79. The skier starts from rest at ,4(10 m, 0) and 
descends the smooth slope, which may be approximated 
by a parabola. If she has a mass of 52 kg, determine the 
normal force she exerts on the ground at the instant she 
arrives at point B. Neglect the size of the skier. Hint: Use 
the result of Prob. 13-58. 



n _ I7 dy 1 d 2 y i 

Geometry: Here, — = —x and —- = —. The slope angle 0 at 

point B is given by 


dx t 

tan 9 = -r\ =0 0 = 0° 

CIX lr=0 m 

and the radius of curvature at point B is 


11 + (dy/dx) 2 ] 3 -' 2 
\d 2 y/dx 2 \ 


+ 




[ 1 / 10 ] 


10.0 ni 


Equation of Motion: 


E Ft = ma,; 
E F « - ma,,-. 


52(9.81 )sin£ =—52u, a, = — 9.81 sin ft 
AT-52(9.81) cos 0 = 


[ 1 ] 


n 



Kinematics: The speed of the skier can be determined using vdv = 
a,ds. Here, a, must be in the direction of positive ds. Also, ds — 

v/1 + (dy/dx) 2 dx = + j^x 2 dx. Here, tan# = -^-x. Then, sin# 

_ x u 

10\/1 + Too-'- 2 


(+) 



71 + 



V 2 = 98.1 m 2 /s 2 

Also, one can obtain v 2 by using the result of Prob. 13-58. 
v 2 = 2 gh = 2(9.81)(5) = 98.1 m 2 /s 2 

Substitute t> 2 = 98.1 m 2 /s 2 .# = 0° and p = 10.0 m into Eq. [1] 
yields 


N -52(9.81) cos 0° = 52 



N - 1020.24 N = 1.02 kN 


Ans 




*13-80. The block has a weight of 2 lb and it is free to 
move along the smooth slot in the rotating disk. The 
spring has a stiffness of 2.5 lb/ft and an unstretched length 
of 1.25 ft. Determine the force of the spring on the block 
and the tangential component of force, which the slot ] 
exerts on the side of the block, when the block is at rest j 
with respect to the disk and is traveling with a constant 
speed of 12 ft/s. 


-i-(H) 

32.2 ‘ p ’ 



ZF, = ma,', F, = 0 

F, = kr, F, = 2.5(p- 1.25) 


25(322HP 1 - 1.25p) = 2S8 
p* - 1.25p -3.58 = 0 


Choosing the positive root, 
p m 2.62 ft 




F, = 2.5(2.62-1.25) = 3.421b 


13-8L If the bicycle and rider have a total weight of 
180 lb, determine the resultant normal force acting on the 
bicycle when it is at point A while it is freely coasting at 
v A =* 6 ft/s. Also, compute the increase in the bicyclist’s 
speed at this point. Neglect the resistance due to the wind 
and the size of the bicycle and rider. 


y - 20 co*—*) 

± , - «in(—*)| 


. i goth 


8- uuf‘(-2.221) - -65.76° 


** . * , 


ll + (-2221) 3 ]’' 3 
-03489 


\+ZF, = ma,; I80nn6S.76° =*= 


v A = 6 ft/s 



ZJ5 = m *; 180co.65.76' - N = 
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13-82. Hie collar has a mass of 5 kg and is confined to 
move along the smooth circular rod which lies in the 
horizontal plane. The attached spring has an unstretched 
length of 200 mm. If, at the instant 6 = 30°, the collar has 
a speed v = 2m/s, determine the magnitude of normal 
force of the rod on the collar and the collar’s acceleration. 


Equation of Motion: The spring force is given by F t = k(l —^ ) 

= 40(2cos30° -0.2) = 61.28 N. The normal component of acceleration is 

t> 2 2 2 , 

A = ~T ~ T = 4 m/s • Applying Eq. 13- 8 , we have 

ZF t =0; N b -5(9.81) = 0 N b = 49.05 N 

ZF ‘ = ; 61 • 28sin 30° = 5 a, a, =6. 128 m/s 2 

61.28cos30°-A/„=5(4) N n = 33.07 N 
Thus, the magnitude of the acceleration is 

a=y/^+^=/6A 282 + 42 = 7.32 m/s 2 Ans 

and the magnitude of normal force is 

N*jNl+N*m y'49.05 2 +33.07* = 59.2N Ans 


13-83. A particle, having a mass of 1.5 kg, moves along 
a path defined by the equations r = (4 + 3/) m, 8 = 
(t 2 + 2) rad, and z = (6 - / 3 ) m, where t is in seconds. 
Determine the r, 8, and z components of force which the 
path exerts on the particle when t = 2 s. 


r = 4 + 3d,.2 1 = 10 m 

/ = 3 m/s 

r = 0 

0 = r 2 + 2 

0= 2/1, . 2 , = 4 rad/s 

0 = 2 rad/s 2 

z = 6-r 3 

z = -3r 2 

z = -6/1 ,.11 = -12 m/s 2 

« r = r— r0 J = 0- 10(4) 2 = 

-160 m/s 2 


= r0+ 2/0 = 10(2)4-2(3X4) = 44 m/s 2 


a z = z = -12 m/s 2 



IF, = ma r \ F r =1.5(- 

160) = -240 N 

Ans 


ZF» = /na*; F« = 1.5(44) = 66 N Ans 

ZF t =mat-, 1.5(9.81)= 1.5<—12) F*=- 3.28 N Ans 
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*13-84. The path of motion of a 5-lb particle in the 
horizontal plane is described in terms of polar coordinates 
as r = (2t + 1) ft and 6 — (0.5f 2 — t) rad, where t is in 
seconds. Determine the magnitude of the unbalanced force 
acting on the particle when t — 2 s. 


r — 2t + 1= 5 ft r = 2 ft/s r = 0 

0 = 0.5/ 2 -t|, =2j =0 rad 0 = t - 1 |, =2s = 1 rad/s 0 = I rad/s 2 
« r = r - r0- = 0 - 5(1 ) 2 = -5 ft/s 2 

F, 

a„ = r0 + 2r0 = 5(1) + 2(2)(1) = 9 ft/s 2 

E fv = ««r; = ^(-5) = -0.7764 lb 

£ F,> = ma ti : = — (9) = 1.398 lb 

F = JfT+7} = y(—0.7764) 2 4- (1.398) 2 = 1.60 lb Ans 



13-85. The spring-held follower AB has a weight of 
0.75 lb and moves back and forth as its end rolls on 
the contoured surface of the cam, where r = 0.2 ft and 
z = (0.1 sin 26) ft. If the cam is rotating at a constant rate 
of 6 rad/s, determine the force at the end A of the follower 
when 6 — 45°. In this position the spring is compressed 
0.4 ft. Neglect friction at the bearing C. 



Fs 

-*■ - 

Z = 0.1 sin 20 F a -»> c- 

z = 0.2 cos 200 

z = —0.4 sin 2(?0 2 + 0.2 cos 200 
0 = 6 rad/s 
0 = 0 


z = —14.4 sin 20 


E F z = ma z \ F a - 12(z + 0.3) = mi 
0 75 

Fa - 12(0.1 sin 20 4- 0.3) = — (-14.4 sin 20) 
For 0 = 45°, 

0.75 

Fa - 12(0.4) = — (-14.4) 

Ft i = 4.46 lb Ans 






13-86. The spring-held follower AB has a weight of 
0.75 lb and moves back and forth as its end rolls on the 
contoured surface of the cam, where r = 0.2 ft and z = 
(0.1 sin 2(9)) ft. If the cam is rotating at a constant rate 
of 6 rad/s, determine the maximum and minimum force 
the follower exerts on the cam if the spring is compressed 
0.2 ft when 0 = 45. 



Z — 0.1 sin 20 
Z — 0.2 cos 2BQ 

Z = —0.4sin2<?e 2 +0.2 cos 206/ 

() = 6 rad/s 

<9=0 


Fa — 12(r + 0.1) = m'i 



Fa- 12(0.1 sin 20 + 0.1) = 

0.75 

= — (-14.4 s,n 2(9) 


F a = 1.2 — 0.8646 sin 29 



(Fa i)„,„ = 2.06 ib 


Ans 

(F ,.= 0.335 lb 


Ans 
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13-87. The 2-kg rod AB moves up and down as its end 
slides on the smooth contoured surface of the cam, where 
r = 0.1 m and z — (0.02 sin 26) m. If the cam is rotating 
at a constant rate of 5 rad/s, determine the maximum and 
minimum force the cam exerts on the rod. 


Kinematic: Taking the required time derivatives, we have 
<9 = 5 rad/s <9 = 0 

Z = 0.02sin 28 z = O.O4cos200 ; = O.O4(cos20<9 - 2sin led 2 ) 
Thus. 

a, = v = 0.04[cos 2(9(0) — 2sin2<9(5 2 )] = -2 sin 20 

At (9 = 45°, a z = —2 sin 90° = —2 m/s 2 

At 0 = -45°, a z = —2sin(—90°) =2 m/s 2 

Equation of Motion: At 0 = 45°, applying Eq. 13-9, we have 

E F : = ( F :)min - 2(9.81) = 2(-2) 

(ft = 15.6 N Ans 

At 0 = —45°, we have 

E F = ma- ; (F ; ) max — 2(9.81) = 2(2) 

( F :)max = 23.6 N Ans 



Z = 0.02 sin 26 


0=5 rad/s 


*13-88. The boy of mass 40 kg is sliding down the spiral 
slide at a constant speed such that his position, measured 
from the top of the chute, has components r — 1.5 m, 
0 = (0.7/) rad, and z = (—0.5/) m, where / is in seconds. 
Determine the components of force F r , F f j, and F ; which 
the slide exerts on him at the instant t = 2 s. Neglect the 
size of the boy. 


= 1.5 

$ : 

c 

i! 

= —0.5r 

r =0 

9 ■■ 

= 0.7 z 

= -0.5 


0 ■ 

= 0 z 

= 0 

--r-r(0) 2 

= 0 

- 1.5(0.7) 2 = 

-0.735 

: ri) + 2/(9 

= 0 



O 

II 




' r == ma ,.; 

Fr ■■ 

= 40(—0.735) = 

= -29.4 

» = maoi 

Fu : 

= 0 


' z = ma z : 

Fz ■ 

- 40(9.81) = 0 



F- = 392 N 


' 0 -^/ I 





40(9.81)N 









13-89. Rod OA rotates counterclockwise with a constant 
angular velocity of 6 = 5 rad/s. The double collar B is 
pin-connected together such that one collar slides over the 
rotating rod and the other slides over the horizontal curved 
rod, of which the shape is described by the equation r — 
1.5(2 - cos#) ft. If both collars weigh 0.75 lb, determine 
the normal force which the curved rod exerts on one collar 
at the instant 8 = 120°. Neglect friction. 


Kinematic: Here, 0 = 5 rad/s and 0 = 0. Taking the required time 
derivatives at 6 — 120°, we have 

r = 1.5(2 - cos0)| fl= , 2 ,)> = 3.75 ft 


r - 1.5sin0<j| B= , 2 <)° = 6.495 ft/s 


r = 1.5(sinf96»' + case0 2 )| e=12 , r = —18.75 ft/s 2 

Applying Eqs. 12-29, we have 

a r =r- re 2 = -18.75 - 3.75(5 2 ) = -112.5 ft/s 2 


a 0 = r0 + 2 rB = 3.75(0) + 2(6.495)(5) = 64.952 ft/s 2 
Equation of Motion: The angle \jr must be obtained first. 
r 1.5(2 - cost?) j 


tan t lr = -— 

dr/de 1.5 sin 0 

Applying Eq. 13-9, we have 


= 2.8867 </r = 70.89° 


0 75 

Y,E r =ma r \ - A/cos 19.11° = ^-^(-112.5) 

N = 2.773 lb = 2.77 lb Ans 

0 7*5 

E F(> = mao', Foa + 2.773 sin 19.11 ° = ^ (64.952) 



f (M = 0.605 lb 


13-90. The 0.5-lb particle is guided along the circular 
path using the slotted arm guide. If the arm has an 
“angular velocity 6—4 rad/s and an angular acceleration 
6 — 8 rad/s 2 at the instant 6 = 30°, determine the force of 
the guide on the particle. Motion occurs in the horizontal 
plane. 



r = 2(0.5cost?) = 1 cos 9 
r — — sin 00 
r — — cost?# 2 — sin 00 
At 0 = 30°, 0=4 rad/s and 6 = 8 rad/s 2 
r = 1 cos 30° = 0.8660 ft 
r = -sin 30°(4) = -2 ft/s 
r = - cos 30°(4) 2 - sin 30°(8) = -17.856 ft/s 2 
«, = r - r0- = -17.856 - 0.8660(4) 2 = -31.713 ft/s 2 
a„ = r$ + 2 r$ = 0.8660(8) + 2(-2)(4) = -9.072 ft/s 2 

S+Y.F r =ma r : - N cos Iff = ^(-31.713) N = 0.5686 lb 



+ \ E — nu ‘f’ 


•0.5686 sin 30° = — (- 
32.2 


•9.072) 


F = 0.143 lb Ans 





13-91. The particle has a mass of 0.5 kg and is confined 
to move along the smooth horizontal slot due to the 
rotation of the arm 04. Determine the force of the rod 
on the particle and the normal force of the slot on the ; 
particle when 0 = 30°. The rod is rotating with a constant 
angular velocity <9 = 2 rad/s. Assume the particle 
contacts only one side of the slot at any instant. 



<9 = 2 rad/s 



0.5 . 

r»-- O.5sec0 

cos0 


r«O.5sec0tjn00 


r= 05 {[(sec0tan00) tan0+sec0( sec 1 00) ] 0+sec 0tan00} 
- O-5^scc0tan 2 90 + sec 3 66 +sec0tan0fij 


0=30°, 0 = 2rad/sand0=0 


r»0Jsec30° = 0.5774 m 
r- 0.5sec30°ttn30“(2) ■ 0.6667 m/s 

fm 0J5[sec30 o tan 2 30“(2) 2 +sec 3 30“<2) 1 +se C 30 o tan30“(0)] 

-3.849 m/s 1 

a r *f-ri= 3.849 -0.5TtM.2f = 1.540 tn/S 1 
a,»f0+2r0 = 0.5774(0) + 2(0.6667)(2)« 2.667 m/s 2 
/ '+£F r «m<v Ncos30°-0.5(9.81)cos30° = 0.5< 1.540) 


V — 5.79 N Ans 


+\IF, -mfl,; F+0.5(9.81)sin30°-5.79sin30**=0.5(2.667) 


F= 1.78 N Ans 


0SW>, 


F W 
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*13-92. Solve Problem 13-91 if the arm has an angular 
acceleration of 6 = 3 rad/s 2 and 9 = 2 rad/s at this 
instant. Assume the particle contacts only one side of the 
slot at any instant. 



0.5 

r=-- 0.5 sec 0 

COS0 

r= O.5sec0tan00 

r = 0.5 {[( sec 0tan00) tan0+sec 0 ( sec 2 00) ] 0 + sec 0tan00} 

= 0.5^ sec 0tan 2 00 2 +• sec 3 00 2 + sec 0tan00^J 

/ 

2 I 

When 0 = 30°, 0 = 2rad/s and 0 = 3 rad/s j 

j 

r = 0.5 sec30° = 0.5774 m 

\ 

r- 0.5sec30°tan30°(2) = 0.6667 m/s \ 

r = 0.5[sec30°tan 30°(2) 2 + sec 3 30°(2) 2 + sec30° tan30°(3) ] \ 

= 4.849 m/s 2 

a, = f- rO = 4.849 - 0.5774(2) 2 = 2.5396 m/s 2 
ae = r0+ 2rB = 0.5774(3) + 2(0.6667)(2) = 4.3987 m/s 2 
Z'+S/r = man 7/cos30° - 0.5(9.81) cos30° = 0.5(2.5396) 

N = 6.3712 = 6.37 N Ans 

+\ZF e =ma e \ F+ 0.5(9.81) sin30°-6.3712sin30° = 0.5(4.3987) 

F = 2.93 N Ans 

_ \m\m\m olcnli minnarin not 
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13-97. The smooth particle has a mass of 80 g. It is 
attached to an elastic cord extending from O to P and 
due to the slotted arm guide moves along the horizontal 
circular path r = (0.8 sin 9) m. If the cord has a stiffness 
k = 30 N/m and an unstretched length of 0.25 m, 
determine the force of the guide on the particle when 
9 = 60°. The guide has a constant angular velocity 
9=5 rad/s. 


r * 0.8 sin 0 


r * 0.8 cos0 6 


-0.8 sinfl (0)* + 0.8 cos0 0 


0 = 5, e = 0 

At e = 60°, T = 0.6928 


r = -17.321 


I . \ 

I 

irh 


a, = r - r(0)* = -17.321-0.6928(5)* = -34.641 
0 , = r0+2 r9 = 0+ 2(2)(5) = 20 


F, = ks; 


F, = 30(0.6928 - 0.25) = 13.284 N 


S + ZF, = ma,\ -13.284+N,co«30° = 0.08(-34.641) 
\+XF„ = ma,; F - N r sin30° = 0.08(20) 


F = 7.67 N 


30 1'n.it+N 


JV, = 12.1 N 


13-98. Solve Prob. 13-97 if 9 = 2 rad/s 2 when 
9 = 5 rad/s and 0 = 60°. 



r « 0.8 sin® 


r - 0.8 cos® 0 


r = -0.8 sin® (®)’ + 0.8 cos® 0 


0-5, 0=2 


At 0 = 60°, r = 0.6928 


r = -16.521 


a, - r - r(0)* = -16.521-0.6928(5)* - -33.841 
%-r® + 2r® - 0.6928(2) + 2(2)(3) = 21.386 
F, - ks; F, = 30(0.6928 - 0.25) = 13.284 N 


^*1F, - mo,; -13.284+lV,cos30° = 0.08(-33.841) 
+MF, - mo,; F — N r sin30° = 0.08(21.386) 




13.2.84 M 


F m 7.82 N 


= 122N 
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13-99. For a short time, the 250-kg roller coaster car is 
traveling along the spiral track such that its position 
measured from the top of the track has components 
r = 8 m, 6 = (0.1 r -i- 0.5) rad, and z = (-0.2 1 ) m, where 
t is in seconds. Determine the magnitudes of the 
components of force which the track exerts on the car in 
the r, 0, and z directions at the instant t = 2 s. Neglect the 
size of the car. 


K inematic : Here, r-8m, r - r = 0. Taking the required time derivatives 
at t = 2 s, we have 

0 = O.lr + O.5|,. 2) =0.700 rad 0 = O.lOOrad/s 6 = 0 
z = -0.24,. 2 , = -0.400 m z =-0.200 m/s z = 0 


Applying Eqs. 12-29, we have 


o r = r-r6 2 = 0 - 8 ( 0.100 2 ) =-0.0800 m/s 2 

= r0+2/0 = 8 (0) + 2(0) (0.200) = 0 
a, = z = 0 


Equation of Motion : 


XF'^ma,; F, = 250(-0.0800) = -20.0 N 

XF e = ma e ; F„ = 250(0) = 0 

X/J = ma z ; F z ~ 250(9.81) = 250(0) 

F z = 2452.5 N = 2.45 kN 



a* T 

f Izsomoti 


*13-100. Using a forked rod, a smooth cylinder C having 
a mass of 0.5 kg is forced to move along the vertical slotted 
path r = (0.50) m, where 6 is in radians. If the angular 
position of the arm is 6 = (0.5f 2 ) rad, where t is in 
seconds, determine the force of the rod on the cylinder 
and the normal force of the slot on the cylinder at the 
instant t = 2 s. The cylinder is in contact with only one 
edge of the rod and slot at any instant. 

r = 0.56 r = 0.56 r - 0.50 

6 = 0.5F 0 = f 0=1 


ff : 




kr " 


/ f ' 

r = 0.50 




• !'■ W’.-i 


At ( = 2 s, 


0 = 2 rad = 114.59° 0 = 2rad/s 0=lrad/s 2 

r = l m r = 1 m/s r= 0.5 m/s 2 


' dr/dS 0.5 


63.43° 


a, = r-r’Q =0.5- 1(2) 2 = -3.5 
as =r0 + 2r0= 1(1) + 2(1)(2) = 5 


lz4.^° 




+\ZF r = ma r ; Af c cos26.57° - 4.905cos24.59° = 0.5(-3.5, 

At = 3.030 = 3.03 N Ans 

+/ZFs = mas\ F-3.030sin26.57°+ 4.905sin24.59° = 0.5(5) 
F = 1.81 N Ans 


TOaHWlHMfllBlIMWai 


ww> 







13-101. The ball has a mass of 2 kg and a negligible 
size. It is originally traveling around the horizontal 
circular path of radius r 0 = 0.5 m such that the angular 
rate of rotation is 0 O = 1 rad/s. If the attached cord ABC 
is drawn down through the hole at a constant speed 
of 0.2 m/s, determine the tension the cord exerts on 
the ball at the instant r = 0.25 m. Also, compute the 
angular velocity of the ball at this instant. Neglect the 
effects of friction between the ball and horizontal plane. 
Hint: First show that the equation of motion in the 
6 direction yields a e = r9 + 2 rd = (1 /r)(d(r 2 0)/dt) = 
0. When integrated, r 2 0 = c, where the constant c is 
determined from the problem data. 



Y Cn = ma„\ 


0 = m\rS + 2 r$\ 



= 0 


Thus, 

T- 

d(r 2 0) = 0 
r 2 $ = C 

(0.5) 2 (1) = C = (0.25)-(? 

6 = 4.00 rad/s Ans 
Since r = —0.2 m/s. r = 0 
a r = r — r(0) 2 = 0 - 0.25(4.00) 2 = -4 m/s 2 


Y,Cr = ma r ; — T = 2(—4) 


T = 8 N 


Ans 





13-102. The collar has a mass of 2 kg and travels along 
the smooth horizontal rod defined by the equiangular spi¬ 
ral r = (e 9 ) m, where 9 is in radians. Determine the tan¬ 
gential force F and the normal force N acting on the 
collar when 9 =.45°, if the force F maintains a constant 
angular motion 9 = 2 rad/s. 



r=e° 
r = e°e 

r = e"(&) 2 + e 0 $ N c ~ 

At 0 = 45° 

0 = 2 rad/s Z 

0=0 
r = 2.1933 
f = 4.38656 
r = 8.7731 

a r = r- r($) 2 = 8.7731 - 2.1933(2) 2 = 0 

a» = ri) + 2r0 = 0 + 2(4.38656) (2) = 17.5462 m/s 2 

tan V = jjpr = e"/* 9 = I 
\m) 

V = 0 = 45° 

/ + 23 F r = ma r ; - (V c cos 45° + f cos 45° = 2(0) 

+ \ !£ /sj = "'"o; f sin 45° + N c sin 45° = 2( 17.5462) 

N = 24.8 N Ans 

F = 24.8 N Ans 


’iTATiTATiTi 
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13-103. The collar has a mass of 2 kg and travels along 
the smooth horizontal rod defined by the equiangular spi¬ 
ral r = (e°) m, where 9 is in radians. Determine the tan¬ 
gential force F and the normal force N acting on the 
collar when 9 =90°, if the force F maintains a constant 
angular motion 9 = 2 rad/s. 



r = e° 
r = e°0 

r = e r ’(()) 2 + /'§ 

Al9 = 90° 

0 = 2 rad/s 
<9 = 0 
r = 4.8105 
f =9.6210 
r = 19.242 

a r =r- r{$) 2 = 19.242 - 4.8105(2) 2 = 0 

an = r$ +2rO=Q + 2(9.6210)f2) = 38.4838 m/s 2 

tan ^ = lin = e * le<> = 1 

^ =45° 

+1 2Z = ma r ; - N c cos 45° + F cos 45° = 2(0) 

+~YLF» =ma„: F sin 45° + Nc sin 45° = 2(38.4838) 

Nc = 54.4/V Ans 

F = 54.4 N Ans 


r 
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*13-104. Using a forked rod, a smooth cylinder P , 
having a mass of 0.4 kg, is forced to move along the 
vertical slotted path r = (0.60) m, where 0 is in radians. If 
the cylinder has a constant speed of v c = 2 m/s, 
determine the force of the rod and the normal force of 
the slot on the cylinder at the instant 0 = ir rad, Assume 
the cylinder is in contact with only one edge of the rod 
and slot at any instant. Hint :To obtain the time derivatives 
necessary to compute the cylinder’s acceleration 
components a r and a„, take the first and second time 
derivatives of r = 0.60. Then, for further information, use 
Eq. 12-26 to determine 6. Also, take the time derivative 
of Eq. 12-26, noting that v c = 0, to determine 0. 



r = 0.60 r = O.60 r = 0.60 

ti,= /-O.60 Vg — r6 —0.666 

2 J = (o. 60 f + fo. 600 ) 0 =-/L== 

V J \ ) 0.6,/l + 6* 

0 = 0.7200+ O.36^200 3 + 20 2 00j 0 = --^£ 

2 

At 0 = it rad, 0= -===== 1.011 rad/s 

0.6 y 1 + 7 & 

e = - ^ r)(t011)2 = -0.2954 rad/s 2 
! + ** 


utnyrs 


r 

dr/de 


0.60 


0.6 


0 = it 



r = 0.6(jt) = 0.6« m r = 0.6(1.011) = 0.6066 ra/s 

f = 0.6(-0.2954) = -0.1772 m/s 2 

a, -r- ri = -0.1772 - 0.6^(1.OU) 2 = -2.104 m/s 2 

at = r0+ 2r0 = 0.6*(-0.2954) + 2(0.6066K 1.011) = 0.6698 m/s ! 


+- XF, - ma 
+ lXF t = mat; 


-iVcosl7.66° = 0.4(-2.104) /V= 0.883 N A ns 

-F+0.4(9.8I)+0.883sinl7.66° = 0.4(0.6698) 

F = 3.92 N Ans 
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13-105. A ride in an amusement park consists of a cart 
which is supported by small wheels. Initially the cart is 
traveling in a circular path of radius r 0 = 16 ft such that 
the angular rate of rotation is 6 0 = 0.2 rad/s. If the 
attached cable OC , is drawn inward at a constant 
speed of r — —0.5 ft/s, determine the tension it exerts 
on the cart at the instant r — 4 ft. The cart and its 
passengers have a total weight of 400 lb. Neglect the 
effects of friction. Hint: First show that the equation 
of motion in the Q direction yields a e - rO + 2rd = 
(l/r)d(r 2 6)/dt = 0. When integrated, r 2 6 = c, where the 
constant c is determined from the problem data. 

- r -(SX i -' s ‘) «’ 

\ZF a = ma 9 \ 0 = )(r$ + 2rdj (2) 

From Eq. (2) , ^( r2 ®) = 0 = c 

Since B 0 =0.2 rad Is when r 0 = 16 ft, c = 51.2. 

Hence, when r = 4 ft. 

e.fILi'U 3.2 rad/s 

Since r = -0.5 ft/s. r - 0, Eq. (1) becomes 

-T = (^)(°- ( 4X3.2) J ) 

r= 509 lb An* 



13 - 106 . Using air pressure, the 0.5-kg ball is forced to 
move through the tube lying in the horizontal plane and 
having the shape of a logarithmic spiral. If the tangential 
force exerted on the ball due to the air is 6 N, determine 
the rate of increase in the ball’s speed at the instant 
6 = it/2. What direction does it act 

r = OJc 01 ' 
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13-107. Solve Prob. 13-106 if the tube lies in a vertical 
plane. 



*13-10*. The arm is rotating at a rate of 6 = 5 rad/s > 
when 0 = 2 rad/s 2 and 0 = 90°. Determine the normal 
force it must exert on the 0.5-kg particle if the particle is 
confined to move along the slotted path defined by the 
horizontal hyperbolic spiral rO = 0.2 m. 




0 = 5 rad/s 

'0 = 2 rad/s* 
r » 0.2/0 «= 0.12732 m 
r - -0.2 er 2 e = -0.40528 m/s 
r - -O.2[-20-’(0) J + 0" J e] = 2.41801 
0 ,= r- r(0) 2 = 241801 - 0.12732(5) 2 = -0.7651 m/s 2 
^ = r0 + 2r0 = 0.12732(2) + 2<-0.40528)(5) - -3.7982 m/s 2 
r 0 .2/0 

““"P = 7ST = 


p = tan‘(-|) - -57.5184° 

+ tZF r = ma,\ //,cos32.4816° - 0.5(-0.7651) 
t-ZI, = »«,; F+ A/,sin32.4816° = 0.5(-3.7982) 
A/, » -0.453 N 
F = -1.66 N An* 



1B1» 
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13-109. The collar, which has a weight of 3 lb, slides 
along the smooth rod lying in the horizontal plane and 
having the shape of a parabola r = 4/(1 - cos 0), where 
6 is in radians and r is in feet. If the collar’s angular rate 
is constant and equals 0 = 4 rad/s, determine the 
tangential retarding force P needed to cause the motion 
and the normal force that the collar exerts on the rod at 
the instant 0 = 90°. 


-4«ine B 
<1-«*«)> 

-♦tina 9 -4=6 (»)* 8tin 2 a '£ 

(I-cote) 2 + (i-cote) 2 + (l-cote) 2 



13-110. The pilot of an airplane executes a vertical loop 
which in part follows the path of a cardioid, r = 600(1 + 
cos 0) ft, where 0 is in radians. If his speed at A (0 = 0°) 
is a constant vp = 80 ft/s, determine the vertical force the 
belt of his seat must exert on him to hold him to his seat 
when the plane is upside down at A. He weighs 150 lb. 
See hint related to Prob. 13-108. 
r = 600(1 +cos0)l e .o- = 1200 ft 


r « -16 
r - 128 

a, - r - r(8> 2 - 128-4(4) 2 « 64 
a, m re + l ie n O + 2(—16)(4) - - 128 


dr -4iinfi 

25 " (l-co»0)» 


i ——«# 

-4na» 

< I-•»#>* 0 m |0* 


y rn -45* « 135* 


i* T LF, - m a,\ P «in4S* -N co#45° 


£ ZFt » mat; — Pco»45* - N sin 45° * ^(-128) 


• 2 } -2 

r = -6OOsw00- 6OOcos00 ' 0 = 0 ° =-6000 


Uj=r 2 + (r0) 2 

(80) 2 = 0 + ( 1 2000^ 0 = 0.06667 

2v,, v, = 2 rr + 2 [r9^r8 4- r6 j 


0 = 0 + 0 + 2r 2 00 0 = 0 


a,-r-r6 = -600(0.06667) 2 - 1200(0.06667) 2 = -8 ft/s 2 



a* = r9 + 2r6 = 0 + 0 = 0 


+ tE f r = ma,\ JV - 150 = (^)<- 8 ) A/= 113 lb Ans 
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13-111. A 0.2-kg spool slides down along a smooth rod. 
If the rod has a constant angular rate of rotation 6 = 2 rad/s 
in the vertical plane, show that the equations of motion 
for the spool are r -4 r- 9.81 sin 0 = 0 and 0.8 r + N s - 
1.962 cos 6 = 0, where N s is the magnitude of the normal 
force of the rod on the spool. Using the methods of 
differential equations, it can be shown that the solution 
of the first of these equations is r = C\e~ 2 ' + C 2 e 2 ' - 
(9.81/8) sin It. If r, r, and 8 are zero when t = 0, evaluate 
the constants C\ and C 2 determine r at the instant 0 = 
7r/4 rad. 



0=2 rad/s 


K inemalic : Here, 0 = 2 rad/s and 0=0. Applying Eqs. 12-29, we have 

a r = r-rd 2 = r-r(2 z ) = r-4r 
a 9 = r0+2r0 = r(0) + 2r(2) = 4r 

Equation of Motion : Applying Eq. 13-9, we have 


ZF r = ma r ; 

1.962sin 0 = O.2(r-4r) 
f— 4r—9.8 lsin 0=0 

(Q.E.D.) 

[1] 

ZF e = ma e ; 

1.962cos 6-N, = 0.2(4r) 
0.8r+ N, - 1.962cos 0 = 0 

(Q.E.D .) 

[2] 


OZ(m --I-96ZU 

\& , 


Since 0 = 2 rad/s, then, j 0 = j 2dt, 0 = 2t The solution of the differential 


equation (Eq. [1]) is given by 


r=C i f" J, +C]< ! '-~J“ sin 2t 


&& // X s 

9 


r = -2C, e- 2 ‘ + 2 C 2 e 2 ‘ - -—cos 2; 

4 

Atr=0, r= 0. From Eq. [3] 0 = C, (l) + C 2 (l)-0 
Atr=0, r= 0. From Eq. [4] 0 = -2C, (1) + 2C 2 (1) 

Solving Eqs. [5] and [6] yields 


9.81 ... 9.81 ,, 9.81 . „ 

r =- e +- e -sin 2/ 

16 16 8 


9.81 f-e- 2 ’ + e 21 \ 

~r{ —2— sin2, j 

9.81 .... . 


-(sinh 2/-sin 2r) 


1 16 2 16 


At 0 = 2t = —, 
4 


9.81/ it n\ . „„ 

r=— —- sinh--stn- =0.198m 
8 v 4 4) 
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13-114 The satellite is moving in an elliptical orbit with 
an eccentricity e = 0.25. Determine its speed when it is at 
its maximum distance A and minimum distance B from 
the earth. 


Ch* . _ 

r m - where C 

GW, 


r 0 V r o>o ) 


and h = r 0 v 0 


GW, r 0 V ''ovjJ 

Igw, J 


rovj . /GW, (e+1) 

= «+l v 0 = d- 


Whaero = r, = 2(10*)+ 6378(lO J ) = 8.378(l0‘)m 

v . =v „ = J 66.73(l(hn )( s, 9 76)(10»)( 0 1 25 ± l) = 7713 m/j = ^ 


8.378(10®) 

8.378(10®) 


22*1-1 2(66.73)(10- 1 VS.976)(10^ . 

“VI 8.378(10*)(77 l*) 1 


13.96(10*) 


v. = Ity. = g,378(1 . 0<>) (7713) = 4628 m/s = 4.63 km/s An» 

A r a ‘ 13.96(10*)' 



13-115. The rocket is traveling in free flight along an 
elliptical trajectory A'A.The planet has a mass 0.60 times 
that of the earth’s. If the rocket has an apoapsis and 
periapsis as shown in the figure, determine the speed of 
the rocket when it is at point A. 



6.40 Mm 


Central-Force Motion : Substitute Eq. 13-27, r a - 

with r„ = 16( 10 6 ) m, r 0 = r, - 6.40( 10‘) m and W = 0.60W., we have 


6.40(10*) 


16 ( 10 ‘) = r 2(66.73)(10- i; )(0-6)[S-976( 102, )jT T 
[ 6,40(10*)u| J 


v p = 7308.07m/s = 7.31 km/s 
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* 13 - 116 . An elliptical path of a satellite has an 
eccentricity e = 0.130. If it has a speed of 15 Mm/h when 
it is at perigee, P , determine its speed when it arrives at 
apogee, A. Also, how far is it from the earth’s surface 
when it is at A? 



<“0.130 


v < * <0 = 15 Ma/b = 4.167 bn/, 

GM ' r » ViV* 




ajl 

GM, 


e+1 


r. « 


f4J67(i(pj]r- 


= 25.96 Mm 

2K m J_ 

r o v i <+i 




r A « * (e+1 > 
l-e 


0.870 

' 3X71 (l<f) m = 33. 7 Mm 



33.71(10*) 

~ n.6 Mm/h 

Aiis 

* « 33.71( 10 4 ) - 6.37*00^ 
a 27.3 Mm 

A ns 
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13-117. A satellite is launched with an initial velocity 
»o = 2500 mi/h parallel to the surface of the earth. 
Determine the required altitude (or range of altitudes) 
above the earth’s surface for launching if the free-flight 
trajectory is to be fa) circular, (b) parabolic, (c) elliptical, 
and (d) hyperbolic. Take G = 34.4(10~ 9 ) (lb-ft 2 )/slug 2 , 
M e = 409(10 21 ) slug, the earth’s radius r e = 3960 mi, and 
1 mi = 5280 ft. 


(a) 


(b) 


(c) 


(d) 


v 0 = 2500 mi/h = 3.67(10 3 ) ft/s 
C^h 

e= GM =0 orC = 0 


1 = 


GM, 


GM, = 34.4(10" 9 )(409)( 10 21 ) 
= 14.07(10’ s ) 

GM, _ 14.07(10 15 ) 


r 0 = 


[3.67(1(P)] 2 


= 1.046(10*) ft 


r = ~ ( 5280° i ' ) _396 ° = 194(1 ° 3) Ans 


C 2 h 

GM. 


, _ 2 GM, _ 2(14.07)(10 15 ) 

° vg [3.67(10*)P 

r = 396(10 3 ) -3960 = 392(10 3 ) rai 
e < 1 

19400*) mi < r < 392(10*) mi 
<> 1 

r > 392( 10 3 ) mi 


= 2.09(10*) ft = 396(10 J ) mi 

Ans 

Ans 

Ans 
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13-118. The rocket is docked next to a satellite located 
18 Mm above the earth’s surface. If the satellite is traveling 
in a circular orbit, determine the speed tangent to the 
earth’s surface which must suddenly be given to the rocket, 
relative to the satellite, such that it travels in free flight away 
from the satellite along a parabolic trajectory as shown. 



Ctntral. Foret Motion : In order for the satellite to have a circular free - flight 
trajectory, fromEq. 13-23, e = 0. Substitute e = Ointo Eq. 13-17, we have 


- cp 

e- -- 0 

GM 




Since h = r 0 v c # 0, then C = 0. Using Eq. 13 - 21, we have 


rf-l = 1 


’‘■"If 

v, = 10 ,4 )".. um „ m/ . = ”' = ^19-81-4044.52 = 1675.29 ra /s = 1. 68 km/s 


.. _ , [bb.'I'i (IQ-12)(5.976)(lpr<j 
' V 24.378( 10 6 ) =4044.52 ra/s 

In order for the rocket to have a parabolic free - flight trajectoiy, from Eq. 13 - 23, 
e = 1. Here, [Eq. 13-21] and/t = r 0 t> 0 [Eq.l3-20J. 

Substitute these values into Eq. 13 - 17 gives 

L- r a »l 

G K GM, ~ GM, * 1 


www.elsolucionario.net 







13 - 119 . Show the speed of a satellite launched into a 
circular orbit about the earth is given by Eq. 13-25. 
Determine the speed of a satellite launched parallel to 
the surface of the earth so that it travels in a circular orbit 
800 km from the earth’s surface. 


For * circle 


— =0 


but * - r 0 v 0 * 0, 


jo th«te= 0 


Hence; c = — = o 

r o r o v S 


r,»5 - CM. 


For a 800-km orbit 


/ 66.73(lQ- 12 )(S.976)(i0 2< ) 
f (800+ 6378)(l(P) 

7453.6 m/s » 7.45 km/s 


*13-120. The rocket is in a free-flight elliptical orbit 
about the earth such that the eccentricity of its orbit is e 
and its perigee is r 0 . Determine the minimum increment 
of speed it should have in order to escape the earth s 
gravitational field when it is at this point along its orbit. 


To escape the earth s gravitation field, the rocket has to make a parabolic trajectory. 


Parabolic trajectory: 



Elliptical orbit: 


— where C = — f 1-j 1 and h = roVo 

K r 0 l, fo l*o j 


1 f, GM, ,2 
e = ——— 1 - —— j (ro W>) 
GM,r 0 ^ r 0 v$ J 


[gm. J 


^ = e + l uo = 1 
GM, 


lGM,(e+l) 


1 _./, J™k (/2 - /ml Ans 

V r 0 T r o ^ ' 


The change in speed should occur at perigee. 
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13-12L The rocket is traveling in free flight along 
an elliptical trajectory A'A. The planet has no 
atmosphere, and its mass is 0.70 times that of the 
earth’s. If the rocket has an apogee and perigee as shown 
in the figure, determine the speed ofthe rocketwhen it 
is at point A. 


Central - Force Motion : User =-2_ 

( 2GMIr 0 1>3) - l' 

with r a = 9( to 6 ) m , r 0 = r p = 6( 10 s ) m and M = 0.10M t , we have 


9 ( 10 s ) = —_ 6 ( 1 &) _ 

( 2(66.73)(1Q- |2 )(0.7)[5.976( IQ 24 )] 

[ 6( 10 s ) uj 

v = 7471.89 m/s = 7.47 km/s 


13-122. If the rocket in Prob. 13-121 is to land on the 
surface of the planet, determine the required free-flight 
speed it must have at A' so that it strikes the planet at B. 
How long dees-it take for- the rocket to land, going from 
A' to B along an elliptical path? 


Central • Force Motion : Use r a = ° ■■— 

(2GW/r 0 ug) -1 

with r„ = 9( 10 s ) m, r 0 = r„ = 3( 10 s ) m and M= 0.70W,, we have 


. ___ 

9 t 10 "72(66.73)(10- 1 2)(0.7)[5.976(10 2 ''}] 


3 ( 100)01 


v p = 11814.08 m/s 


Applying Eq. 13-20, we have 

u J r J-\ _ [1112^11(11814.08) = 3938.03 m/s = 3.94 km/s Ans 

UJ ' L 9 < 10S )J 

Eq. 13-20gives h = r p v p =3( 10 s ) (11814.08) = 35.442( 10 9 ) m 2 /s. Thus, 
applying Eq. 13 — 31, we have 

r=^(r p +Ov^ 

= 3l44l(^[ (9+3)(l0<) ]^ (106)9(10 ‘” ) 

= 5527.03 s 

The time required for the rocket to go from A' to B (half the orbit) is given by 


= 2763.51 s = 46.1 min 

2 
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13-123. A satellite S travels in a circular orbit around the 
earth. A rocket is located at the apogee of its elliptical 
orbit for which e = 0.58. Determine the sudden change in 
speed that must occur at A so that the rocket can enter 
the satellite’s orbit while in free flight along the dashed 
elliptical trajectory. When it arrives at B, determine the 
sudden adjustment in speed that must be given to the 
rocket in order to maintain the circular orbit. 

Central - Force Motion : Here, C = — f 1- - ) f Eq. 13-21] and h = r 0 u 0 

'ol r 0 v*) 

[Eq. 13 - 20]. Substitute these values into Eq. 13 -17 gives 


GM, 

Rearrange Eq. [1] gives 

Rearrange Eq. [2], we have 


ctf _r 0 vl t 


GM, 


1 GM, 
T+e ~r 0 og 

_j (l+e)GM, 


[ 1 ] 


[ 2 ] 


[3] 


Substitute Eq. [2] into Eq. 13 - 27, r a 


2 (rh) “ 1 


, we have 


(lGMJr a vl)-\ 

or ro= (iT;) r * 


[4] 


For the first elliptical orbit e = 0.58, from Eq. [4] 
‘ . ../1-0.58 ‘ .‘ 


(’>).= r » = (lTSs)C 120(l04 )] = 31 - 899(loS) 

Substituter 0 = ( r p ) ( = 31.899( 10 6 ) m into Eq.[3] yields 


(u) a J ('+™Q<*n)<'W< s ™ w2 m4 444Muu, 

v V 31.899(10*) 


Applying Eq. 13 - 20, we have 




10 Mm 


120(10*) 

When the rocket travels along the second elliptical orbit, from Eq. [4], we have 

10( 10 6 ) = (^ilij[l20( 10 6 )] e = 0.8462 Applying Eq. 13-20, we have 


Substitute r o ~ t r P ) 2 ~ 10 ( 10 6 ) m into Eq. [3] yields 

) _^/ ( 1+0.8462) (66.73) (I Q- 11 ) (5.976) (10 2 *) 


(v «) 2 = 


K)*- 


[iS] (858a25)=7i5 -° 2m/s 


10(10*) 


: 85go.25 m/s P° r the rocket to enter into orbit two from orbit one at A , its speed must be decreased by 
Au = (v„), -(O a ) 2 = 1184.41-715.02 = 466m/s Ans 

If the rocket travels in a cicular free - flight trajectory, its speed is given by Eq. 13 - 25. 




73( 10* 12 ) (5.976) (10 24 ) 


: 6314.89 m/s 


10 ( 10 *) 

The speed for which the rocket must be decreased in order to have a circular orbit is 
Av = (v p ) z -v c = 8580.25 - 6314.89 = 2265.36 m/s = 2.27 km/s Ans 
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*13-124 An asteroid is in an elliptical orbit about the 
sun such that its periapsis is 9.30(10 9 )km. If the 
eccentricity of the orbit is e = 0.073, determine the 
apoapsis of the orbit. 


> - 'o - 9-30(10*) km 

, - °L = lo-Siwll, 

GM . r o r 0 v 0 CAT, 




GM, 1 
r t v\ “ «+1 


tSK-i (*)-» 


^O+l) 


9.30Q0») ( 1.Q73) 

Q 927 *“ 10 . 8(10 ) km 


13-125. The rocket is traveling in a free-flight elliptical 
orbit about the earth such that e = 0.76 as shown. 
Determine its speed when it is at point A. Also determine 
the sudden change in speed the rocket must experience 
at B in order to travel in free flight along the orbit 
indicated by the dashed path. 


e = — Where 

GM, r o v r o Uo J 

»(,-«* 

GM,r 0 (, r 0 v% ) 

-fai-i'l 
lew, J 


and h = ro Vo 



_ l 66.73(10-' z )(5-976)(l(y < )(0.76+ 1) _ gy ,, m/ , 
v B - Vo- 9 (lO 6 ) 

Vjt = jE-ub = 7X77^(8831) = 6113 m/s = 6.11 km/s An* 


1300 6 ) 


^ = <+ t or ™£ = _L 

GM, rol% e+1 


From Eq.(3) r a = 


r 0 (e+ 1 ) 


r “ = 20M, , ® 

Substituting Eq.(l) into (2) yields : 
r 0 r 0 (e+ 1 ) 

r “ = 2(7il)-l = 1- 


GM, 1 !GM,(e+ 1) 

From Eq.(l) = —- t*=W-^-- 

r 0 vg e +1 i r 0 


,f _ 8( 10 6 )(g-+ 1) e _ o 05882 

1 — e 

... G M - _L » 


FromEq(1) 


GM.(e+l) 


j ! 6 6.73( IQ-' 1 -)(5.97 6)(10 24 )(0.05882+ 1) = ?265 ^ 
v c = Vo-V 8(10*) 


^=^ = S 7265)= 6458 ^ 


Au s =6458 -8831 = -2374 m/s = -2.37 km/s 
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13-126. The rocket is traveling in a free-flight elliptical 

orbit about the earth such that e = 0.76 and its perigee is 

9 Mm as shown. Determine its speed when it is at point 

B. Also determine the sudden decrease in speed the 

rocket must experience at A in order to travel in a circular / 

orbit about the earth.. .. a i- 


Central • Force Motion : Here, C = — (1 - —t-) [Eq. 13 - 21] and h = r B o 0 

r 0 vl) 

[Eq. 13 - 20]. Substitute these values into Eq. 13 -17 gives 


e = —- = 

e ~ GM t GM e = GM, 

Rearrange Eq.[l] gives 

1 _ GM, 
l + c~r 0 vl 

Rearrange Eq. [2] , we have 


Substitute Eq. [2] into Eq. 13 — 27, r a =- 2 - , we have 

( 2GM t /r 0 u J ) — 1 


[ 1 ] 

[ 2 ] 

[3] 


2 (rb) _1 


[4] 


Rearrange Eq.[4], we have 

=(£}» io ‘)]= 66 °( io< > 

Substitute r 0 = r = 9 ( 10*) m into Eq. [3] yields 

-V 


(1+0.76) (66.73) (10-'J)(5.976) (10“) 


9(10*) 


' 8830.82 m/s 


Applying Eq. 13 - 20, we have 

v. = jo, = q^To 6 ) ] ( 883 °- 82 ) = 1204.2 m/s = 1.20 km/s Ans 
If the rocket travels in a cicular free- flight trajectory, its speed is given by Eq. 13 - 25. 


/66.73(10-i2)(5.976)(10 24 ) 


= 6656.48 m/s 


9(10®) 

The speed for which the rocket must be decreased in order to have a circular orbit is 


Au = v p - v c = 8830.82 - 6656.48 = 2174.34 m/s = 2.17 km/s Ans 
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13 - 127 . The rocket shown is originally in a circular orbit 
6 Mm above the surface of the earth. It is required that 
it travel in another circular orbit having an altitude of 
14 Mm. To do this, the rocket is given a short pulse 
of power at A so that it travels in free flight along the 
dashed elliptical path from the first orbit to the second 
orbit. Determine the necessary speed it must have at A 
just after the power pulse, and at the time required to get 
to the outer orbit along the path AA' . What adjustment in 
speed must be made at A! to maintain the second circular 
orbit? 



Central-Force Motion: Substitute Eq. 13-27, r„ = - — _ 

(2GM/r a vl) - 1 ’ 

with r a = (14 + 6.378)(10 6 ) = 20.378< I0 6 ) m and r„ = r„ = (6 + 
6.378)(10 6 ) = 12.378(10 6 ) m, we have 


20.378(10 6 ) = 


12.378(10*) 


2( 66.73)(10~ I -)|5.976(I0 24 )] 
12.378(!0 6 )u2 


v p = 6331.27 m/s 
Applying Eq. 13-20, we have 




[ 12.378(10*)' 
\r a ) Vp L20.378(10 6 ) _ 


(6331.27) = 3845.74 m/s 


Eq. 13-20 gives h = r p Vp = 12.378(10 6 )(6331.27) = 78.368(10 y ) m 2 /s. 
Thus, applying Eq. 13-31, we have 

T = + 


= 7 8 368( io 9 ) [(12 - 378 + 20.378)(10 6 )1V12.378(20.378)(10 6 ) 


= 20854.54 s 


The time required for the rocket to go from A to A’ (half the orbit) is 
given by 

T 

t - j = 10427.38 s = 2.90 hr Ans 

In order for the satellite to stay in the second circular orbit, it must 
achieve a speed of (Eq. 13-25) 


[GM, _ 1 66.73(10 ' l2 )(5.976)(10 24 ) 
V r 0 y 20.378(10 s ) 


= 4423.69 m/s = 4.42 km/s 


Ans 


The speed for which the rocket must be increased in order to enter 
the second circular orbit at A’ is 


An = v c - v„ = 4423.69 - 3845.74 = 578 m/s Ans 







14-L A woman having a mass of 70 kg stands in an 

elevator which has a downward acceleration of 4 m/s 2 =ma,: 70 ( 9 . 8 l)-M, = 70 ( 4 ) 

starting from rest. Determine the work done by her - 

weight and the work of the normal force which the floor A/> = 406.7 N 

exerts on her when the elevator descends 6 m. Explain 

why the work of these forces is different. Uv * 6(686.7) = 4 .12 kJ Ans 

V" r = -6(406.7) = -2.44 kJ Ans 
The difference accounts for a change in kinetic energy. Ans 
Note: v* = v5+2 a c (s-s 0 ) 

v 2 = 0 + 2(4)(6-0) 
v = 6.928 m/s 

Ar=I(70)(6.928) 2 = 1.68 kJ 
Also, =r 2 

AT=ZC',_ 2 =4.12-2.44= 1.68 kJ 


14 - 2 . The car having a mass of 2 Mg is originally 
traveling at 2 m/s. Determine the distance it must be 
towed by a force F = 4 kN in order to attain a speed of 
5 m/s. Neglect friction and the mass of the wheels. 



' = »7 m Anf 
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14 - 3 . The 20-kg crate is subjected to a force having a 
constant direction and a magnitude F = 100 N, where 
5 is measured in meters. When s = 15 m, the crate is 
moving to the right with a speed of 8 m/s. Determine its 
speed when s = 25 m. The coefficient of kinetic friction 
between the crate and the ground is /.i k = 0.25. 



Equation of Motion: Since the crate slides, the friction force devel¬ 
oped between the crate and its contact surface is Ff = pt N = 0.25 N. 
Applying Eq. 13-7, we have 


+ tEf 


■(&)- 


sin 30® — 2(9.81) = 2(0) 


Principle of Work and Energy: The horizontal component of force F 
which acts in the direction of displacement does positive 

work, whereas the friction force F, = 0.25 (—+ 19.62 | = 

1 V 1+5 ) 

^ — y-j-—I- 4.905^ N does negative work since it acts in the opposite 

direction to that of displacement. The normal reaction N. the vertical 
component of force F and the weight of the crate do not displace 
hence do no work. Applying Eq. 14-7, we have 


2(9.81) N 



F f = 0.25 N 


T\ + 5E ^1—2 = Tz 


1 , f 25 m ( 300 \ 

-(2)(8 2 ) + / ( —— 1 cos 30'.r 

2 J 15 m U+5/ 


v = 12.6 m/s 


* 14 - 4 . The “air spring” A is used to protect the support 
structure B and prevent damage to the conveyor-belt 
tensioning weight C in the event of a belt failure D. 
The force developed by the spring as a function of its 
deflection is shown by the graph. If the weight is 50 lb 
and is suspended a height d = 1.5 ft above the top of the 
spring, determine the maximum deformation of the spring 
in the event the conveyor belt fails. Neglect the mass of 
the pulley and belt. 

T, +EC/,_2 = T 2 


0+ 50(1.5 + 5)- f 8000 s 2 ds =0 
Jo 


8000 s 2 

50(1.5+.v)--— = 0 


8000s 2 - 150s - 225 = 0 


F= 8000 s 2 


! 0.3246 ft = 3.90 in. 


14 - 5 . The smooth plug has a weight of 20 lb and is 
pushed against a series of Belleville spring washers so 
that the compression in the spring is s = 0.05 ft. If the 
force of the spring on the plug is F — (3.v l/3 ) lb, where 
s is given in feet, determine the speed of the plug after it 
moves away from the spring. Neglect friction. 



'(I)*® 1 -£(£)■> 


i- = 0.365 ft/s 


Ans 
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14 - 6 . When a 7-kg projectile is fired from a cannon 
barrel that has a length of 2 m, the explosive force exerted 
on the projectile, while it is in the barrel, varies in the 
manner shown. Determine the approximate muzzle velo¬ 
city of the projectile at the instant it leaves the barrel. 
Neglect the effects of friction inside the barrel and assume 
the barrel is horizontal. 


The work done is measured as the area under the force—displacement 
curve. This area is approximately 31.5 squares. Since each square has 
an area of 2.5(10 6 )(0.2) 


F (MN) 


T, + £(/,_ 2 = Tz 


0-K(31.5K2.5)(10 6 )(0.2)l = -(7)(v 2 ) 3 
is = 2121 m/s = 2.12 km/s (approx.) Ans 


14 - 7 . Design considerations for the bumper B on the 
5-Mg train car require use of a nonlinear spring having the 
load-deflection characteristics shown in the graph. Select 
the proper value of k so that the maximum deflection 
of the spring is limited to 0.2 m when the car, traveling 
at 4 m/s, strikes the rigid stop. Neglect the mass of the 
car wheels. 



0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 


1 /- 0.2 
-(5000)(4) J — / ks~ (is — 0 
2 Jo 


( 0 . 2) 3 

40000 — k—-y— = 0 


5(10 3 )(9.81)N 

t 



k = 15.0 MN/nr 


* 14 - 8 . The crate, which has a mass of 100 kg, is sub¬ 
jected to the action of the two forces. If it is originally at 
rest, determine the distance it slides in order to attain a 
speed of 6 m/s. The coefficient of kinetic friction between 
the crate and the surface is /z* = 0.2. 



Equation of Motion: Since the crate slides, the friction force devel¬ 
oped between the crate and its contact surface is F r = A = 0.2 N. 
Applying Eq. 13-7, we have 


80014 100(9.81 )N 

KfK. I 


+ t lT = ma,; A + 100{ - -800sin30° - 100(9.81) = 100(0) 


A = 1321 N 


/^O.ZN 


Principle of Work and Energy: The horizontal components of forces 
800 N and 1000 N which act in the direction of displacement do posi¬ 
tive work, whereas the friction force Fr = 0.2(1321) = 264.2 N does 
negative work since it acts in the opposite direction to that of displace¬ 
ment. The normal reaction A, the vertical components of the 800 N 
and 1000 N forces and the weight of the crate do not displace hence 
do no work. Since the crate is originally at rest, 7] = 0. Applying 
Eq. 14-7, we have 


T\ + J2 U\ ~i '■ 


0 + 800 cos 30° (a) + 100 


s = 3.54 m 


-264.2s = -(100)(6 2 ) 
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14-9. When the driver applies the brakes of a light truck 
traveling 40 km/h, it skids 3 m before stopping. How far 
will the truck skid if it is traveling 80 km/h when the 
brakes are applied? 



40(10*) 

4(1 km/h = = 11.11 m/s 80 km/h = 22.22 m/s 

3600 


7i *tU,- 1 =T, 


-m( 11. Hr -/Ut m#(3) = 0 


Hkg = 20.576 


7i +!£/,. 2 = T> 




hi- *-n • 


-m(22.22) 2 -(20.576)m(4) =0 


4 = 12 m Ans 


14-10. The 0.5-kg ball of negligible size is fired up the 
vertical circular track using the spring plunger. The 
plunger keeps the spring compressed 0.08 m when s = 0. 
Determine how far s it must be pulled back and released 
so that the ball will begin to leave the track when 
0 = 135°. 



k = 500 M/m 


\ o-SliW* 


0.5(9.81) sin45° = v* = 10.41 mV 


T, + «/,_, = r 2 


0+{(i(500)(r+0.08) 2 -i(500)(0.08) J )-0.5(9.81)(1.5+1.5sin45»)} = 4(0.5)(10.41) 


s *0.1789 m= 179 mm Ans 


vmMEa&aaiawMissiwuim 






■14-11. The force F, acting in a constant direction on 
the 20-kg block, has a magnitude which varies with the 
position s of the block. Determine how far the block slides 
before its velocity becomes 5 m/s. When s = 0 the block 
is moving to the right at 2 m/s. The coefficient of kinetic 
friction between the block and surface is /x k = 0.3. 


+ T s 0; 


7j = r s 


- 20(9.81) - ~(50 /) =0 
W, = 196.2 + 30/ 


F'S0S a 


=0<9.8!)n 


0.3*4*^ f- 
Id* 



i(20)(2) 1 + |J' 50/ ds - 0.3(196.2) (i) - 0.3 J' 30/ ds = - 


(20) (5) 2 


40 + 13.33 / - 58.86 i - 3 / = 250 


s - 5.6961 s - 20.323 = 0 


Solving for the real root yields 


s « 3.41 m 


*14-12. The force F, acting in a constant direction on the 
20-kg block, has a magnitude which varies with position 
s of the block. Determine the speed of the block after it 
slides 3 m. When s = 0 the block is moving to the right 
at 2 m/s. The coefficient of kinetic friction between the 
block and surface is fi k = 0.3. 


+ 1 ZF, = 0; N, - 20(9.81) - -(50 /) - 0 


“ F(NT 

I F 


N, = 196.2 + 30/ 




T, + = S 



20(4. »)N| 


2 + -f 50/ * - 0.3(196.2)(3) - 0.3f 30/ ds = i (20) (v) 2 


~( 20 )( 2 ) 


40 + 360 - 176.58 - 81 = 10 v 


v = 3.77 m/s 







14-13. As indicated by the derivation, the principle of 
work and energy is valid for observers in any inertial 
reference frame. Show that this is so, by considering the 
10-kg block which rests on the smooth surface and is 
subjected to a horizontal force of 6 N. If observer A is in 
a fixed frame x, determine the final speed of the block if 
it has an initial speed of 5 m/s and travels 10 m, both 
directed to the right and measured from the fixed frame. 
Compare the result with that obtained by an observer B, 
attached to the x' axis and moving at a constant velocity 
of 2 m/s relative to A. Hint: The distance the block travels 
will first have to be computed for observer B before 
applying the principle of work and energy. 


Observer A • 

T\ + " ^2 

|(10)(5) 2 +6( 10) = itlO)v| 

V2=6.08ra/s Ans 
Observer B : 


F - ma 

6 = 10a a = 0.6 m/s 2 

J = Sq + 1 1- ^ a,, t 1 

10 = 0 + 5r+i((),6)r 

t z + 16.67;- 33.33 =0 
1= 1.805 s 


At v = 2 m/s, s'=2(1.805) = 3.609 m 
Block moves 10-3.609 = 6.391 ra 
Thus 

?i +£(/ 1-2 — Ti 


i(10)(3) 2 + 6(6.391) = ^(10)vl 
v 2 =4.08ra/s Ans 


Note that this result is 2m/s less than that observed by A. 






14-14. Determine the velocity of the 20-kg block A 
after it is released from rest and moves 2 m down the 
plane. Block B has a mass of 10 kg and the coefficient of 
kinetic friction between the plane and block A is /t* = 0.2. 
Also, what is the tension in the cord? 


ZF y = 0; N a - 20t9.81)cos60° = 0 



N a = 98.1 N 


System : 


T\ +Xt/j.2 = Ti 


zo(98i) AJ 

£L St 


(0+0) + 20(9.81)(svi60 o )2-0.2(98.1)(2)-10(9.81)(2) = i( 20 >v J + i( 10 )v J 


v = 2.638 = 2.64 m/s Ans 


Block B : 


T\ +ZC/|_ 2 = 7j 


Also, block A : 


71 +Xf/i -2—72 


" _ _.. I “ ~ “ 0 + 20(9.811(siii60®)n(2j - T( 2 f- CT2(98.1 )( 2 ) = -/ 26 T /2 

0+7(2)-10(9.81)(2) = i(10)(2.638) 2 2 l K 38) 


7-UJN Ans 


7= 115 N Ans 


14-15. Block A has a weight of 60 lb and block B has a 
weight of 10 lb. Determine the speed of block A after it 
moves 5 ft down the plane, starting from rest. Neglect 
friction and the mass of the cord and pulleys. 




2 + J, = 1 

+ AJj = 0 
2v a + v, = 0 
7j + Zl/,„, = 7j 


o + fitxfxs) - 1000 ) - 5 <|!j) vl + 5 <s )( 2vj1 


». = 7.18 ft/s 




as*'* 


H. »» 









*14-16. The smooth plug has a weight of 20 lb and is 
pushed against a series of Belleville spring washers so that 
the compression in the spring is s = 0.05 ft. If the force 
of the spring on the plug is F = (100.v 1 /3 ) lb. where s is 
given in feet, determine the speed of the plug just after it 
moves away from the spring, i.e., at .9 = 0. 





Principle of Work and Energy: The spring force which acts in the 
direction of displacement does positive work, whereas the weight of 
the block does negative work since it acts in the opposite direction 
to that of displacement. Since he block is initially at rest, 7i = 0. 
Applying Eq. 14-7, we have 

T\ + 5Z tA-2 = 

/•«■<)5 ft 1 / on \ 

0 *1 '00 I , 'V,-2»05, = j (—)„-• 


V = 1.11 ft's 


14-17. The collar has a mass of 20 kg and rests on the 
smooth rod. Two springs are attached to it and the ends 
of the rod as shown. Each spring has an uncompressed 
length of 1 m. If the collar is displaced s = 0.5 m and 
released from rest, determine its velocity at the instant it 
returns to the point s — 0. 



7i +E fi-2 = T 2 


0+ ^(50)(0.5) 2 + | (100)(0.5) 2 = ] -mvl 


v'c — 1.37 m/s 






14 - 18 . Determine the height h to the top of the incline 
D to which the 200-kg roller coaster car will reach, if it is 
launched at B with a speed just sufficient for it to round 
the top of the loop at C without leaving the track. The 
radius of curvature at C is p c = 25 m. 


Equation of Motion : Here, it is required that N = 0. Applying Eq. 13 - 8 to 
FBD(a), we have 

SF. = ma ,; 200(9.81) = 200^||j u 2 = 245.25 ro 2 /s 2 

Principle of Work and Energy : The weight of the roller coaster car and 
passengers do negative work since they act in the opposite direction to that of 
displacement When the roller coaster car travels from B to C, applying Eq. 
14-7, we have 

t b+'LV,-c = Tc 

i(200)u| -200(9.81)(35) = -(200)(245.25) 
v B = 30.53 m/s 

What the roller coaster car travels from fTto D, it is required drat the car stops at 
D, hence T a = 0. 



I 


Ub-D ~ 10 

i (200) ( 30.53 2 ) - 200(9.81) (h) = 0 

h » 47.5 m An* 


14 - 19 . The 2-kg block is subjected to a force having a 
constant direction and a magnitude F = (300/(1 + s)) N, 
where s is in meters. When j = 4m, the block is moving to 
the left with a speed of 8 m/s. Determine its speed when 
s — 12 m. The coefficient of kinetic friction between the 
block and the ground is = 0.25. 



+Ta ? - * "• = 2 <»- 81 > ♦ ~ 

r i + *u t . 2 m t 2 -j- > o.asNe 

n 6 

i(2)(8) 1 - 0.25[2(9.8X)( 12 — 4) j - 0.2sJ U ^ ds + J‘* * cos30» = i(2)(v|) i 

2 4 4 I+J 2 i 

- 24.76 - 37.5 In + 259.81 In (I^-i?) ! 

1+4 1+4 ' 

v, m 15.4 m/s Ana 


WMimaisaBmifUEuumaw 






*14-20. The motion of a truck is arrested using a bed of 
loose stones AB and a set of crash barrels BC. If 
experiments show that the stones provide a rolling 
resistance of 160 lb per wheel and the crash barrels 
provide a resistance as shown in the graph, determine the 
distance x the 4500-lb truck penetrates the barrels if the 
truck is coasting at 60 ft/s when it approaches A. Take 
s - 50 ft and neglect the size of the truck. 


1 (|£ 9 )<< 0 )* - 4(160 )(5 0) - /'(lO) 5 *’<ir = 0 


% 50014 


I 0 > 4 

219 552.80 - — X* 
4 


= 0 


Ft * 


* -Fk 


I Ht 


X as 5.44 ft 


A ns 


60 ft/s 


/■(lb) 

F = (I0 l ) r 1 


^ f.<7 »-?avJ " ^ 



4ft) 


14-21. The crash cushion for a highway barrier consists 
of a nest of barrels filled with an impact-absorbing 
material. The barrier stopping force is measured versus 
the vehicle penetration into the barrier. Determine the 
distance a car having a weight of 4000 lb will penetrate 
the barrier if it is originally traveling at 55 ft/s when it 
strikes the first barrel. 




36 h 


3 

Jj 27 
<2 

t >8 

| 

t/3 

| 9 

M 

0 


! + itti., = r 2 

1 4000 

2 ( 3^2 )( 55 ) 2 - Ana = 0 
Ana = 187.89 Idp-ft 
2(9) + (5 - 2)( 18) + x(27) = 187.89 
i - 4.29 ft < (1S-5) tt (O.K!) 

Thus 

s = S ft + 4.29 ft * 9.29 ft Ans 


I 


.4®oo\)> 



■ ■ ^ 




2 5 10 15 20 25 

Vehicle penetration (ft) 
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14-22. The two blocks A and B have weights W A = 60 lb 
and W B = 10 lb. If the kinetic coefficient of friction 
between the incline and block A is fi k = 0.2, determine 
the speed of A after it moves 3 ft down the plane starting 
from rest. Neglect the mass of the cord and pulleys. 


Kinematics : The speed of the block A and B can be related by using position 
coordinate equation, 

^a + ( J a- ^ a)= , ls A -s B =l 
2As a ~As b =0 As b = 2As a = 2(3) = 6 ft 

2v a - v B = 0 [ 1 ] 

Equation of Motion : Applying Eq.13-7, we have 

+ lF y ,=ma y .; W-6o(J)= JL(0) * = 48.0 lb 

Principle of Work and Energy : By considering the whole system, W A 
which acts in the direction of the displacement does positive work. W B and the 
friction force F f = H k N = 0.2(48.0) = 9.60 lb does negative work since they act 
in die opposite direction to that of displacement Here, W A is being displaced 
3 

vertically (downward) -As,, and is being displaced vertically (upward) 

A s B . Since blocks A and B are at rest initially, 7] = 0. Applying Eq. 14-7, 
we have 


--- 

0+Wi(jAs„ )-/yAs,, -W B As B ~^m A vl+^m B vl 

6o[|(3)J 9.60(3) - 10(6) * 

1236.48 = 60t>J + 10uJ 



6oii> 

ICL 


*Fj.=o-Z a! 



qs.[l] and [2] yields 


v A = 3.52 ft/s 
v B = 7.033 ft/s 


|VAViVitsj W] 1 1 w [ai i ii | I [aw HOI 



14-23* Packages having a weight of 50 lb are delivered 
to the chute at v A =2> ft/s using a conveyor belt. 
Determine their speeds when they reach points B, C, and 
D. Also calculate the normal force of the chute on the 
packages at B andC. Neglect friction and' the - size of the 
packages. 


v A = 3 ft/s 



T A = Tg 


l i {£ 2 )o)^50 ( s ) n-.osm = \(£ 2 y B 


V, - 7.221 = 7.22 ft/s A ns 


yZF* = ma n ; -N B + 50cos30° = 


Mb - 27.1 lb A ns 


T a + XC/a-c = T c 




+ 50(5cus30°) 


- 'r 50 'i 
" 2132.2/ 


v c = 16.97= 17.0 ft/s Ans 


+/ZF, ~ ma „; N r - J 


■ - 5()cos30° = 


Nc = 133 lb Ans 


/ 30* 

$ 


T a +U/ a - D = T b 




Vo * 18.2 ft/s Ans 


IVAVAVMSJ KU1 IBlHlgUEIllgMllSll 






*14*24. Hie steel ingot has a mass of 1800 kg. It travels 
along the conveyor at a speed v — 0.5 m/s when it collides 
with the “nested” spring assembly. Determine the 
maximum deflection in each spring needed to stop the 
motion of the ingot. Take k A = 5 kN/m, kg — 3 kN/m. 


— 0.5 m 

- 0.45 m ■ 



Assume both springs compress 

r, = r, 

^(1800)(0.5) 2 - ^(5000)/ - i(3000)(J-0.05) 2 = 0 

225 - 2500 i 2 - 1500(s 2 - 0.1 s + 0.0025) = 0 
s 3 - 0,0375 s - 0.05531 = 0 
s m 0.2547 m > 0.05 m (O.K!) 


ul 

r s H±] 

t 


14-25. The steel ingot has a mass of 1800 kg. It travels 
along the conveyor at a speed v = 0.5 m/s when it collides 
with the “nested” spring assembly. If the stiffness of the 
outer spring is k A — 5 kN/m, determine the required 
stiffness k B of the inner spring so that the motion of the 
ingot is stopped at the moment the front, C, of the ingot 
is 03 m from the wall. 


t , + a/,., = 35 


|(1800)(0.5) 2 - ^(5000)(0.5 - 0.3) 2 - i(*„)(0.4S-0.3) 2 = 0 




— 0.5 m 
0.45 m 


*„ = 11.1 kN/m 



14-26. Block A has a weight of 60 lb and block B has a 
weight of 10 lb. Determine the distance A must descend 
from rest before it obtains a speed of 8 ft/s. Also, what is 
the tension in the cord supporting block A! Neglect the 
mass of the cord and pulleys. 


2s a +s, = l 


2 A I. = - is, 


For v, = 8 ft/s , v 4 = -16 ft/s 



For the system: 

21 + Zl/,-2 = r, 

{0+0] + [60<r„) - 10(25*)] = + 5 ( 353 )<-16)S 


s » 2.484 = Z48 ft 


For block A : 


T, + St/,., = r, 

1 60 , 

0 + 60(2.484) - T A (2.484) = -(—)(8) 2 


T = 36.01b 






14-27. The 25-lb block has an initial speed of i'o = 
10 ft/s when it is midway between springs A and B. 
After striking spring B, it rebounds and slides across 
the horizontal plane toward spring A, etc. If the coeffi¬ 
cient of kinetic friction between the plane and the block 
is Hk = 0.4, determine the total distance traveled by the 
block before it comes to rest. 

Principle of Work and Energy: Here, the friction force Fj = p k N = 
0.4(25) = 10.0 lb. Since the friction force is always opposite the 
motion, it does negative work. When the block strikes spring B and 
stops momentarily, the spring force does negative work since it acts 
in the opposite direction to that of displacement. Applying Eq. 14-7, 
we have 

r,+£1/1-2 = Ti 

\ (jy (I0 2 ) - 10(1 + s,) - I(60).v? = 0 
.v, = 0.8275 ft 

Assume the block bounces back and stops without striking spring A. 
The spring force does positive work since it acts in the direction of 
displacement. Applying Eq. 14-7, we have 


2 ft 



t 2 + £ ^-3 = T> 

0 + i(60)(0.8275 2 ) - 10(0.8275 + s 2 ) = 0 
s 2 = 1.227 ft 

Since .s 2 = 1.227 ft < 2 ft, the block stops before it strikes spring A. 
Therefore, the above assumption was correct. Titus, the total distance 
traveled by the block before it stops is 

r Tot = 2s, + s 2 + 1 = 2(0.8275) + 1.227 + 1 = 3.88 ft Ans 


*14-28. The 2-lb brick slides down a smooth roof, such 
that when it is at A it has a velocity of 5 ft/s. Determine 
the speed of the block just before it leaves the surface at 
B, the distance d from the wall to where it strikes the 
ground, and the speed at which it hits the ground. 


Ta + £ Ua-b — 7 a 

5(3n) l!,!+2<ls = 5(3i2)'* 

v B =31.48 ft/s = 31.5 ft/s Ans 

(-*) s=.t 0 + u 0 f 

d = 0+31.48^/ 

1 , 

(+4) s = So + V()t -f* -a c t 

30 = 0 + 31.48 0 ^ t + j (32.2)t 2 

16.1/ 2 + 18.888/ -30 = 0 N 

Solving for the positive root. 

t =0.89916 s 

d = 31.48 ^ (0.89916) = 22.6 ft Ans 
Ta+E Ua~c = T c 

K^) (5)2+2(45)= K3 h)* 

v c = 54.1 lt/s Ans 


21b 
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14-29. Roller coasters are designed so that riders will 
not experience more than 3.5 times their weight as a 
normal force against the seat of the car. Determine the 
smallest radius of curvature p of the track at its-lowest 
point if the car has a speed of 5 ft/s at the crest of the 
drop. Neglect friction. 


ii 

■Si 


KISS 


Principle of Work and Energy : Here, the rider is being displaced vertically 
(downward) by jr = 120 10 = 110 ft and does positive work. Applying Eq. 14 — 7 
we have 

Ti +Xtf,-2= T 2 




u =7109 ft 2 /s 2 


iquation of Motion : It is required that# = 3.5W. Applying Eq, 13 --7, we 




p = 88.3 ft 


14-36. The catapulting mechanism is used to propel the 
10-kg slider A to the right along the smooth track. The 
propelling action is obtained by drawing the pulley 
attached to rod BC rapidly to the left by means of a piston 
P. If the piston applies a constant force F = 20 kN to rod 
BC such that it moves it 0.2 m, determine the speed 
attained by the slider if it was originally at rest. Neglect 
the mass of the pulleys, cable, piston, and rod BC. 



2s c + a, - i 

24 j c + Aj, =0 
2(02) = - A 


-0A = Ar A 


r, + i u,_ 2 = 7-j 


0 + (10000X0.4) = |(10)(v„) 2 


v. a» 28.3 in/s An* 


38.1 

I . 

1 . I -» lotio'jN 

V 




14-31. The collar has a mass of 20 kg and slides along the 
smooth rod. Two springs are attached to it and the ends of 
the rod as shown. If each spring has an uncompressed length 
of 1 m and the collar has a speed of 2 m/s when s = 0, 
determine the maximum compression of each spring due to 
the back-and-forth (oscillating) motion of the collar. 


ri 


+ st/i-i = i; 


-(20)(2) 2 - j(50)(j) 2 - i(100)(s) 2 = 0 


s - 0.730 m 






k A = 50 N/m 


k B = 100 N/m 


*14-32. The cyclist travels to point A, pedaling until he ,1 + yl = 2 
reaches a speed v A = 8 m/s. He then coasts freely up the 
curved surface. Determine the normal force he exerts on 1 ,-1 + i yl ^ « o 
the surface when he reaches point B. The total mass of 2 
the bike and man is 75 kg. Neglect friction, the mass of ^ 
the wheels, and the size of the bicycle. £ “ TT 


Fory « x. 



x m 1 , y a 1 (Point J?) 


- 4 - -1 

dx 

0 - - 45 ° 

- (-*-*)(y*) 

ax 


S.A5rt-^Krt<|> 


tl . . w, 

ix * 2 2 X 


Focx = y = 1 


to , 

3 ” -I ’ 


11 + ( -l )2 l— = 2.828 1 


+ L C/j-2 ** ^2 

-( 75 )( 8 2 ) - 75 ( 9 . 81 X 1 ) = }( 75 )(vi) 
2 L 


7 S( 1 «> n 


/♦ XF, - m<v at, - 9.81(75)COS45' = 75( —^ ) 
AT, . 1.70 kN Ana 





14-33. The cyclist travels to point A, pedaling until he 
reaches a speed v A = 4m/s. He then coasts freely up 
the curved surface. Determine how high he reaches up 
the surface before he comes to a stop. Also, what are 
the resultant normal force on the surface at this point 
and his acceleration? The total mass of the bike and 
man is 75 kg. Neglect friction, the mass of the wheels, 
and the size of the bicycle. 



^ + yl m 2 


+ 14-0 

2 2 y dx 


r, +XI /..2 = r 2 

^(75)(4) 2 - 75(9.81)00 = 0 
y - 0.81549 m = 0.815 m 
x in + (0.81549) 1/1 - 2 
x - 1.2033 m 


± , lOggg = -0.82323 
dx (0.81549)-‘« 


S+TF, - ma,\ N„ - 9.81(75) cos39.46° » 0 
N b = 568 N i 

*\XF t - m 4; 75(9.81) sin39.46° = 75 a, 

a - a, = 6.23 m/s 2 A 




14 . 34 . The 30-lb box A is released from rest and slides 
down along the smooth ramp and onto the surface of a 
cart If the cart is fixed from moving , determine the 
distance s from the end of the cart to where the box stop. 
The coefficient of kinetic friction between the cart and 

the box is = °- 6 - 



incipU of Work and Energy : W A which acts in thedirecdonof * 
placLent does positive work when the block displaces 4 ft vertically. The 
-tion force F, = u k N = 0.6(30) = 18.0 lb does negative work since it acts in the 

jutted to. stop, f =r c =0. Applying Eq. 14-7. we have 
Ta+Y, u *-c = t c 

0+30(4) - 18.0s' = 0 s' = 6.667 ft 


s =10-/ = 3.33 ft 






14-35. The man at the window A wishes to throw the 
30-kg sack on the ground. To do this he allows it to swing 
from rest at B to point C, when he releases the cord 
at 6 = 30°. Determine the speed at which it strikes the 
ground and the distance R. 


B. 8 mil 


Bl“ 


Tb + ZUb-c = Tc 


0 + 30(9.81)8 cos 30° = -(30)4 


vc = 11.659 m/s 


30(9.81)N 


Tb + Vb-d — Td 


0 + 30(9.81)(16) = -(30)4 


v D = 17.7 m/s 
During free flight: 


(+4.) r = s 0 + t > u t + -a c t 2 


16 = 8 cos 30° - 11.659 sin 30° f + -(9.8(4 

t 2 - 1.18848/ - 1.8495 =0 
Solving for the positive root: 


t = 2.0784 s 


(—> ) .1 = So + V()f 


.5 = 8 sin 30° + 11.659 cos 30° (2.0784) 


^ = 24.985 m 


R = 8 + 24.985 = 33.0 m Ans 


(v 0 ), = 11.659 cos 30° = 10.097 m/s 


(+ i ) (v») v = -11.659 sin 30° + 9.81 (2.0784) = 14.559 m/s 


v D = v( 10.097)- + (14.559) 2 = 17.7 m/s 







*14-36. A 2-lb block rests on the smooth semicylindrical 
surface. An elastic cord having a stiffness k = 2 lb/ft is 
attached to the block at B and to the base of the 
semicylinder at point C. If the block is released from rest 
MA(0 = 0°), determine the unstretched length of the cord 
so the block begins to leave the semicylinder at the instant 
9 = 45°. Neglect the size of the block. 


k = 2 Ib/ft 



V IF. -«a.. 2sul45= = jMTll 


I 2.-LI* 


/ = 5.844 ft/s 


T, +IUi- 2 = £ 


^i( 2 )[«(l. 5) - fo] 2 - 3 t2)[f (15) - fcj ~ 2(1-5 sin45») = 844 ) j 




4 S 2.77 ft Ans 


14-37. The spring bumper is used to arrest the motion 
of the 4-lb block, which is sliding toward it at v = 9 ft/s. 
As shown, the spring is confined by the plate P and 
wall using cables so that its length is 1.5 ft. If the 
stiffness of the spring is k = 50 lb/ft, determine the 
required unstretched length of the spring so that the 
plate is not displaced more than 0.2 ft after the block 
collides into it. Neglect friction, the mass of the plate 
and spring, and the energy loss between the plate and 
block during the collision. 



t, * rtr,., = r t 




** - f^50)(i-I,3) 2 -i(50)(.. ^:5) i ]=( 

' i 2 - + 1.69 -fj 2 - 3.0 J + 2.25) 

‘ 0.4 s - 0-560 


if 









14-38. Cylinder A has a mass of 3 kg and cylinder B 
has a mass of 8 kg. Determine the speed of A after it 
moves upwards 2 m starting from rest. Neglect the mass 
of the cord and pulleys. 



£r t + £t /,- 2 = £r 2 

0 + 2[F, -3(9.81)] +4f8(9.81) — F 2 ] = + ^(8)i-| 

Also, i'b = 2va, and because the pulleys are massless, F\ = 2A. The 
F, and F 2 terms drop out and the work-energy equation reduces to 

255.06 = 17.5n^ 

t',i = 3.82 m/s Ans 



3(9.81)N 


t 

8(9.81) N 


14-39. The collar has a mass of 20 kg and is supported 
on the smooth rod. The attached springs are undeformed 
when d = 0.5 m. Determine the speed of the collar after 
the applied force F — 100 N causes it to be displaced so 
that d = 0.3 m. When d = 0.5 m the collar is at rest. 



r, + £ (7, _ 2 = Ti 

0+ 100sin60°(0.5 -0.3) + 196.2(0.5-0.3) - 1 (15)(0.5 - 0.3) : 
- ^(25)(0.5—0.3) 2 = i(20)t£ 


4l96.2N 

F— 100 N 

60° 


' 1 .7V/.4C. t 


l’c = 2.36 m/s 


Ans 


LIWWiMdMirdi 




14 - 40 . The skier starts from rest at A and travels down 
the ramp. If friction and air resistance can be neglected, 
determine his speed v B when he reaches B. Also, find the 
distance s to where he strikes theground at<7,4fhe makes 
the jump traveling horizontally at B. Neglect the skier’s 
size. He has a mass of 70 kg. 



70(4, Sl)^ jcos30° = 0+?0.04r 


(+ -i-) S - Si; + t + -a e 



s stn30° + 4 = 0 + 0 + ~(9.81)f 2 


Eliminating t, 
i 2 - 122.67i-98t.33 =0 
Solving for the positive root 
s = 130 ra Ans 


14-41. The diesel engine of a 400-Mg train increases 
the train’s speed uniformly from rest to 10 m/s in 100 s 
along a horizontal track. Determine the average power 
developed. 

p _ { hzl - 2()(U|0> = 200 kW Ans 

r,v *" r too 

Also, 

V= Vo +flcf 

10 = 0 + a c (10O> 

a e = 0.1 m/s 2 

U-LFt = ma .: F = 4<M)(l0 3 )(0.1) = 40(l0 3 ) N 

P„.=Fv.„=40(l0')g) = 200kW An. 


r, +Xl/i-j = T: 

O + Ui-I = i(4OO)(lO ! )(10) 2 
Ui-i =20(l0 6 ) J 







14-42. Determine the power input for a motor necessary 
to lift 300 lb at a constant rate of 5 ft/s. The efficiency of 
the motor is e =0.65. 

Power: The power output can be obtained using Eq. 14-10. 

P = F • v = 300(5) = 1500 ft • lb/s 

Using Eq. 14-11. the required power input for the motor to provide 
the above power output is 


power input ■ 


power output 


: 2307.7 ft • Ib/s = 4.20 hp Ans 


14-43. An electric streetcar has a weight of 15 000 lb 
and accelerates along a horizontal straight road from rest 
such that the power is always 100 hp. Determine how 
much time it takes to reach a speed of 40 ft/s. 


7> = AU = PAr 


1 /15 000 \ 

2 (l 22 ) (40) = 100(550)A ' 


At = 6.78 s 


*14-44. The jeep has a weight of 2500 lb and an engine 
which transmits a power of 100 hp to all the wheels. 
Assuming the wheels do not slip on the ground, determine 
the angle 6 of the largest incline the jeep can climb at a 
constant speed v = 30 ft/s. 



P = Fjv 


100(550) = 2500 sin $ (30) 


6 = 47.2° 


2. 500 lb 



VhKWMsi GTil IIW M iM d 1.1 1 







14-45. An automobile having a mass of 2 Mg travels 
up a 7° slope at a constant speed of v — 100 km/h. If 
mechanical friction and wind resistance are neglected, 
determine the power developed by the engine if the auto¬ 
mobile has an efficiency € = 0.65. 


Equation of Motion: The force F which is required to maintain the 
car’s constant speed up the slope must be determined first. 


+ E F x . = ma x <\ F - 2(10 3 )(9.8i) sin 7° = 2(I0 3 )(0) 

F = 2391.08 N 

r ioo( to 3 ) 

Power: Here, the speed of the car is v = -— 

ll 

27.78 m/s. The power output can be obtained using Eq. 14-10. 
P = F • v = 2391.08(27.78) = 66.418(10’) W = 66.418 kW 


HO 3 ) ml / 1 h \ 

~h X \3600 s ) ~ 


Using Eq. 14-11. the required power input from the engine to provide 
the above power output is 


power input: 


power output 


66.418 


0.65 


102 kW Ans 


14-46. A loaded truck weighs 16( 10 3 ) lb and accelerates 
uniformly on a level road from 15 ft/s to 30 ft/s during 
4 s. If the frictional resistance to motion is 325 lb, deter¬ 
mine the maximum power that must be delivered to the 
wheels. 


At’ 30-15 

a = — =-= 3.75 tt/s* 

Ar 4 


• E f, = F - 325 = (3.75) 


P = F • v = 

1 max — 1 ' max — 


F = 2188.35 lb 
2188.35(30) , 


550 


19 hp Ans 


16(10 3 ) lb 


Jo^Q—-0-3 


325 lb 


N 


www.filsolu- 







14-47. An electric streetcar has a weight of 15 000 lb 
and accelerates along a horizontal straight road from rest 
such that the power is always 100 hp. Determine how far 
it must travel to reach a speed of 40 ft/s. 


W (vdv\ 

F = ma = j(i7) 

(W vdv\ 

P - Fv = { 7^) 1 

fpds= f —v 2 dv 
Jo Jo g 


P = constant 


W 1 , 

— (r)v 3 
8 3 


5 3 gP V 


15000(40)’ 

3(32.2)(100>(550) 



= 181 ft 


*14-48. The escalator steps move with a constant speed 
of 0.6 m/s. If the steps are 125 mm high and 250 mm in 
length, determine the power of a motor needed to lift an 
average mass of 150 kg per step. There are 32 steps. 



Step height: 0.125 m 


The number of steps: — ^ = 32 
Total load: 32(150)(9.81) =47088 N 


JS&> 


If load is placed at the center height, h = - = 2 m, then 


U =47 088 - =94.18 kJ 


t> v = v sin 0 = 0.6 


/ (32(0.25)) 2 + 4 2 


= 0.2683 m/s 


h 2 

t = — = — = 7.454 s 
t) v 0.2683 


U 94.18 

P = - =- = 12.6 kW Ans 

l 7.454 


P = F • v = 47 088(0.2683) = 12.6 kW Ans 






14-49, The 50-lb crate is given a speed of 10 ft/s in 
i = 4 s starting from rest. If the acceleration is constant, 
determine the power that must be supplied to the motor 
when t - 2 s. The motor has an efficiency e = 0.76. 
Neglect the mass of the pulley and cable. 



+ fLfi; = ma,-, 2T-S0 

(+1) v = v„ + (%! 

10 - 0 + 0(4) 
a = 2.5 ft/* 1 


r = 26.94 lb 


In t = 2*. 


(+1) v = v„+a e t 

v = 0 + 2.5(2) = 5 ft/* 
s c + (s c - s P ) = I 
2v c = v, 

2(5) *= Vp as 10 ft/* 

P 0 - 26.94(10) « 2695! 


= 354.49 ft lb/s 


P u = 0.644 hp An* 


14-50. A car has a mass m and accelerates along a 
horizontal straight road from rest such that the power is 
always a constant amount P. Determine how far it must 
travel to reach a speed of v. 


Power: Since the power ouput is constant, then the traction force F varies 
with i>. Applying Eq. 14- 10, we have 


P= Fv F- — 
u 


Equation of Motion: 


* P P 

-» ZF X = ma ,; - = ma fl= — 


Kinematics ; Applying equation ds = we have 


r*-f 

0 J( 









14-51. To dramatize the loss of energy in an automobile, 
consider a car having a weight of 5 000 lb that is traveling 
at 35 mi/h. If the car is brought to a stop, determine how 
long a 100-W light'bulb must burn to expend the same 
amount of energy. (1 mi = 5280 ft.) 


Entrty .-Here, thesoeed of the car i« » = f?l!!^)vf 5280{t ) y .( lh ) 

_ ... V h Mini J U600sJ 

— 51.33 ft/s. Thus, the kinetic energy of the car is 
,, 1 2 1 /5000 V 

2 mV S ‘2[32j)( SU3 ) = 204.59( 10 3 ) ft-lb 

Hie power of the bulb is /> ,, = 100 Wxf 1 hp V ft ' 111/5 ) 

1746WJ l lhp ) 

= 73.73 ft- lb/s. Thus, 


V 204.59( I0 3 ) 

p ~ ,,— = 2774.98 s = 46.2min 

“bulb 73.73 


A ns 


*14-52. The motor M is used to hoist the 500-kg 
elevator upward with a constant velocity v E = 8 m/s. If 
the motor draws 60 kW of electrical power, determine 
the motor’s efficiency. Neglect the mass of the pulleys 
and cable. 


+ T£I? = 0; 


~TW 


3T - 500(9.81) = 0 
T = 1635 N 



2 s, + (s £ -s r ) = l 
3 v, = v, 

v r = 24 m/s 

P 0 » 1635(24) - 39.24 IcW 
P, m 60 kW 

3924 


»f 


60 


: 0.654 


Ana 



500TO)M 



14-53. The 500-kg elevator starts from rest and travels 
upward with a constant acceleration «,. = 2m/s 2 . 

Determine the power output of the motor M when 
t = 3 s. Neglect the mass of the pulleys and cable. 

+ 3T - 500(9.81) = 500(2) 



T = 1968.33 N 

3s, - Sp =• l 
3v, = v. 

When /-3s, 

(+ T) v = v 0 + n. t 

v, = 0 + 2(3) = 6 m/s 
v P - 3(6) = 18 m/s 
Pq = 1968.33(18) 



1_1 

’ , 5b0rt-8l>W 



P 0 = 35.4 kW 


A ns 
















14-54. The crate has a mass of 150 kg and rests on a 
surface for which the coefficients of static and kinetic fric¬ 
tion are (i s — 0.3 and Mr = 0.2, respectively. If the motor 
M supplies a cable force of F = ( 8 1 2 -I- 20) N. where / 
is in seconds, determine the power output developed by 
the motor when / = 5 s. 



Time to start motor, /r, = 0.3 


-X;/ r r =0: 3F-1471.5(0.3) =0 


F = 147.15 N 


1471.5 N 


1471.5/i 


/" = 8t 2 + 20 


1471.5 N 


147.15 = 8/ 2 4- 20 


t = 3.987 s 


Motion: AO = 0.2 


-£/=) = ma x : 3 F - 1471.5(0.2) = 150a 


When t = 5 s, 


u = 0.1601 


- 1.5620/ 


3(8 / 2 +20) -294.3 = 150a 


v = 1.7045 ft/s 


a =0.160f 2 - 1.5620 


P 0 = 3[8(5 ) 2 4- 201(1.7045) = 1124.97 N • m/s 


f civ — f (0.160/ 2 — 1.5620)<// 
J» 7.1.987 


P 0 = 1.12 kW 


14-55. The elevator E and its freight have a total mass 
of 400 kg. Hoisting is provided by the motor M and the 
60-kg block C. If the motor has an efficiency of e = 0.6, 
determine the power that must be supplied to the motor 
when the elevator is hoisted upward at a constant speed 
of ve = 4 m/s. 


Elevator: 


Since a = 0, 


+ t E F y = 0; 60(9.81) +3T -400(9.81) = 0 



T = 1111.8 N 


2s e + (se — sp) = l 


3ve = vp 


Since vg = —4 m/s, vp = —12 m/s 


P, _ — ( 11 * 1-8,(12) _ 22.2 kw Ans 

e 0.6 



60(9.81) N 
datum i 37 - 


(400X9.81) N 


















*14-56. The 50-kg crate is hoisted up the 30° incline by 
the pulley system and motor M. If the crate starts from 
rest and by constant acceleration attains a speed of 4 m/s 
after traveling 8 m along the plane, determine the power 
that must be supplied to the motor at this instant. 
Neglect friction along the plane. The motor has an 
efficiency of e = 0.74. 


v 2 = +2a c (j -s 0 ) 



(4r = 0 + 2a r (8 - 0) 


a c = 1 m/s 2 


+/ZF X = ma x \ 2r-50(9.81)sin30° = (50)(1) T= 147.6 N 


2 sc + sp = l 


2 v c = -v P 




rotft i)m 


(2){-4) = -v, 


vj. = 8 m/s 


P„ = T vp = 147.6(8)= 1181 W 



p 1181 

Pi= — = —- = 1595.9 W= 1.60 kW Ans 

-. e .0.74-—.-...-.-.— 


14-57. The sports car has a mass of 2.3 Mg, and while it 
is traveling at 28 m/s the driver causes it to accelerate at I 
5 m/s 2 . If the drag resistance on the car due to the wind ♦ • , 

is f„-( 0..VJN, »her. „ is .he vetodtTin m/i! '-**-***™ 

determine the power supplied to the engine at this instant, i f=03v 2 + n.s(io J ) 

I he engine has a running efficiency of e = 0 . 68 . 


Atv = 28 m/j 


F= 11735.2 N 



P 0 = (11 7352)(28) = 328.59 kW 


483 kW 

e 0.68 


14-58. The sports car has a mass of 2.3 Mg and 
accelerates at 6 m/s 2 , starting from rest. If the drag 
resistance on the car due to the wind is F D = (lOw) N, 
where v is the velocity in m/s, determine the power 
supplied to the engine when t = 5 s. The engine has a 
running efficiency of e = 0 . 68 . 


->XF. = ma,; F - 10v = 2.3(10 5 K6) 
F = 13.8(H) 3 ) + 10 v 


(->) v = v„ + OJ 

v = 0 + 6(5) = 30 m/s 

= F-r = [ 13.8(10*) -»• 10(30)1(30) = 423.0 kW 


_ Po 423.0 

^ = 7 = o^i" = 622 kw 


\ F 

IN 








14-59. The 50-lb load is hoisted by the pulley system and 
motor M. If the motor exerts a constant force of 30 lb on 
the cable, determine the power that must be supplied to 
the motor if the load has been hoisted s = 10 ft starting 
from rest. The motor has an efficiency of e = 0.76. 



ma »'' 2<30J-50=— 

a, = 6.44 m/s 2 


<+T)v 2 = yj + 2at(s-j 0 ) 


vj = 0 + 2(6.44)(10-0) 


v, = 11.349 ft/s 
2s, + s u = 1 
2 v, = - v* 

v u = -2(11.349) = -22.698 ft/s 
P 0 = F-v = 30(22.698) = 680.94 ft-Ib/s 


680.94 

Pi = = 895.97 ft-lb/s 


P, = 1.63 hp 




*14-60. The rocket sled has a mass of 4 Mg and travels 
from rest along the horizontal track for which the 
coefficient of kinetic friction is n k = 0.20. If the engine 
provides a constant thrust T = 150 kN, determine the 
power output of the engine as a function of time. Neglect 


the loss of fuel mass and air resistance. 


F x =ma,: 150(10) 3 -0.2(4)(10) 3 (9.81) =4(10) 3 fl 




a= 35.54 m/s 2 


IsoOs'jiJ 



(2*) v = v 0 +q,/ 


3.C4joi>CjS0^ 


= 0 + 35.54/= 35.54/ 




P = T • r = 150( 10) 3 (35.540 = 5.33/ MW 


14-61. The 10-lb collar starts from rest at A and is lifted 
by applying a constant force of F = 25 lb to the cord. If 
the rbd is smooth, determine the power developed by the 
force at the instant 0 = 60°. 

Principle of Work and Energy : Tie 25 - lb force which acts in the direction 
of displacement does positive work, whereas the weight of die collar does negadv 
work sinceit acts in the opposite direction to that of displacement. The 25-lb 
force and the collar are being displaced vertically by s F = AB-A'B = /3 2 + 4 2 
-3/sin 60° = 1.5359 ft ands c = 4-3/tan 60° = 2.2679 ft Since the block is at 
rest initially, 7J =0. Applying Eq. 14-7, we have 

If 10 ^ 2 

0 + 25(1.5359) -10(2.2679) = 
u = 10.06 ft/s 

Paw er ; Hie power output at the instant when / = 10 ft can be obtained using 
Eq. 14—10. 

p = F • v = 2Scos 60° (10.06) = 125.76 ft-lb/s = 0.229 hp Ans 




e 











14-62. An athlete pushes against an exercise machine 
with a force that varies with time as shown in the first 
graph. Also, the velocity of the athlete’s arm acting in 
the same direction as the force varies with time as shown 
in the second graph. Determine the power applied as a 
function of time and the work done in t = 0.3 s. 


Ft N) 


800 



r(m/s) 


/(s) 

For 0 < t < 0.2 

F = 800 N 
20 

v = — ,= 66.67 1 
0.3 

P =F-v = 53.3r kW Are 
For 0.2 < r < 0.3 
F = 2400 — 8000 1 
u = 66.67 1 

P =F-v= (160/ -533/ 2 ) kW Are 

/■0.3 

U= Pdt 

Jo 

rO.l f03 

U= 53.3 rr/f + / (160f — 533 t 2 )dt 

Jo Jo2 

= ^(0.2) 2 + -^[(0.3) 2 - (0.2) 2 ) - 1(0.3)’ - (0.2) r | 



= 1.69 kJ 


Are 






14-63. An athlete pushes against an exercise machine 
with a force that varies with time as shown in the first 
graph. Also, the velocity of the athlete’s arm acting in the 
same direction as the force varies with time as shown in 
the second graph. Determine the maximum power 
developed during the 0.3-second time period. 


\ V s 

< -■ ' v ^\..r 


20 4- - -J. 


-fifSS | 1 H 




See solution to Prob. 14- 61.. 


P = 160 1- 533 r 


= 160 - 1066.6 t = 0 


t = 0.15 s < 0.2 s 


Thus maximum occurs at t = 0.2 s 


iO.tla 



P max = 53.3(0.2) = 10.7 kW 










*14-64. Solve Prob. 14-18 using the conservation of 
energy equation. 

At C, with normal force from the track N ~ 0, 

■> 

+ 1 vfv = m« v : mg = m — 

Pc 

v 2 c = (9.81) (25) (tn/s) 2 
T, 4- V, = 73 + V, 

^ m (9.81 )(25) + m (9.81) (35) = 0 4- m (9.81 )h 
h = 47.5 m Ans 

14-65. Solve Prob. 14-15 using the conservation of 
energy equation. 

2sa 4" SB — / 

2AJ.4 4- A.s s = 0 

2va 4* vb = 0 

T, + V, = T 2 + V, 

[0 + 01 + [0 4-0] = | v\ + \ (jq) (2t’/t) 2 + 10(10) - 60 (j) (5) 

v A = 7.18 ft/s Ans 


14-66. Solve Prob. 14-17 using the 
energy equation. 

conservation of 

r, 4 - y, = r 2 4- v 2 


0 4- i(100)(0.5 ) 2 4- ^(50)(0.5) 2 = i(20)ir +0 


v — 1.37 m/s 

Ans 


14-67. Solve Prob. 14-31 using the conservation of 
energy equation. 


T, + V, = T 2 4- V 2 

~ (20)(2 ) 2 4-0 = 04-^ (50).v 2 4- X - (100)^ 2 


mmma gtsi i i m m iM a rs 



.5 = 0.730 m 


Ans 













14-70. Two equal-length springs are “nested” together 
in order to form a shock absorber. If it is designed to 
arrest the motion of a 2-kg mass that is dropped s = 0im 
above the top of the springs from an at-rest position, and J 
the maximum compression of the springs is to be 0.2 m, s 
determine the required stiffness of the inner spring, k B , | 
if the outer spring has a stiffness k A = 400 N/m. 


r t + v, = r, + v 2 

0 + 0 = 0- 2(9.81X0.5+0.2) + i(400)(0.2) 2 + j(*,)(0.2) 2 
kg = 287 N/m Ans 



14-71. The block has a weight of 1.5 lb and slides along 
the smooth chute AB. It is released from rest at A, which 
has coordinates of X(5 ft, 0,10 ft). Determine the speed 
at which it slides off at B, which has coordinates of 
B( 0,8 ft, 0). 


Datum at B : 


H+l* = T b +V b 


0+1.5(10) = ^i|)(va) 2 +0 


V* =25.4 ft/s Ans 



*14-72. The girl has a mass of 40 kg and center of mass 
at G. If she is swinging to a maximum height defined by 
& = 60°, determine the force developed along each of the 
four supporting posts such as AB at the instant 6 — 0 . 

The swing is centrally located between the posts. 

The maximum tension to the cable occurs wbeafl - 0". 

r,+v, =5+H 

/ 0+40(9.81)(-2cos60' > ) = i(40) v 2 + 40<9.81)(-2) 



v m 4.429 m/s 


+ T TF'=mn.i r—40(9.81) = (40) 


( 4.429 s ) 

bn 


4H9S0 hi 
r= 784.8 N 


+ t£F, = 0; 2 ( 2 F) cos 30“ —784.8 = 0 F=227N Ans 


'■’y\ ZF 


14-73. The collar has a weight of 8 lb. If it is pushed 
down so as to compress the spring 2 ft and then released 
from rest (h = 0), determine its speed when it is 
displaced h = 4.5 ft. The spring is not attached to the 
collar. Neglect friction. 


r, + v, = t 2 + v 2 


0 + -(30)(2) 2 = + 8(4.5) 


v 2 = 13.9 ft/s 


• 1 = 30 lb/ft 









14-74. The collar has a weight of 8 lb. If it is released 
from rest at a height of h = 2 ft from the top of the 
uncompressed spring, determine the speed of the collar 
after it falls and compresses the spring 0.3 ft. 


T, + v, = % + 14 


14-75. The 2-kg collar is attached to a spring that has 
an unstretched length of 3 m. If the collar is drawn to 
point B and released from rest, determine its speed when 
it arrives at point A. 


Potential Energy : The initial and final elastic potential energy are 

-(3>(/32+42-3 ) 2 = 6.00J and ^ (3) (3 - 3) 2 = 0, respectively. The 

gravitational potential energy remains the same since die elevation of collar 
does not change when it moves from B\oA. 


Conservation of Energy . 


T, + V b = T a + V, 


0+ 6.00= ~(2)uJ +0 
v A = 2.45 m/s 


0 + 0 * 2 ( 322 )V * " 8(2 ' 3) + |(30K0-3) 2 
■a 

| 

Vj — 11.7 ft/s Ans 


! k = 30 lb/ft 



*14-76. The 5-lb collar is released from rest at A and 
travels along the smooth guide. Determine the speed of 
the collar just before it strikes the stop at B. The spring 
has an unstretched length of 12 in. 



T t + V t a ^ + Vj 


° + 5(|) + 2 (2 4) ( lV = l( 3 )vi+0 + ( 


v, = 15.0 lt/s 


14-77. The 5-lb collar is released from rest at A and 

travels along the smooth guide. Determine its speed when 

its center reaches point C and the normal force it exerts t a + v A = t c + v c 

on the rod at this point. The spring has an unstretched 

length of 12 in., and point C is located just before the end 0 * n . 1 to j 12 1 5 1 rvr 

of the curved portion of the rod. , + 2 [2(12)K n ) + 5( ii ) = 2 ( 3I5 )V + 2 f2a2 W 


+ ( 15 ,»_ Ilf 

12 ; 12 J 


12.556 lt/s = 12.6 lt/s 


-+IJ5 = mu,; N c + ^sin50.1944» = -iL/ .f 12 - 556 ) 2 . 

3Z2' 1 ' 

+ < _ «, = 72410lb 


4 . 


N c = 18.9 lb 






14-78. The 2-lb block is given an initial velocity of 20 ft/s 
when it is at A. If the spring has an unstretched length of 

2 ft and a stiffness of k = 100 Ib/ft, determine the velocity tHt 

of the block when s = 1 ft. if i_ 2 ft _j 

Potential Energy : Datum is set along AB. The collar is 1 ft below the datum t>,=20ft/s| I bisl .... ............. !>l 

when it is at C. Thus, its gravitational potential energy at this point is - 2(1) I H 

=-2.00 ft lb. The initial and final elastic potential energy are 100 ) ( 2 - 2 ) J Kj.J 

= 0 and -(100) (^/2 2 +• I 2 - 2) = 2.786 ft-lb, respectively. 

2 II *=100 lb/ft 

Conservation of Energy : 

+ 0 = I (so) + 2 -7 86+ <-2-00) D 

v c = 19.4 ft/s A ns 

^ „ fcleio niMnnn 5 ne ®* ec * a * 1 *** ** •rwd around the 7 m- loop provided it first travels around 

14-79. The roller-coaster car has a mass of 800 kg, tbel0 loo P- 

including its passenger, and starts from the top of the hill r A + v A = t„ + v, _ 

A with a speed v A — 3 m/s. Determine the minimum Gk? ~-?- 

height h of the hill crest so that the car travels around j(800)(3) 2 + o = i(800)(v|) - 800(9 8 i)(A- 20 ) , (Vae 

both inside loops without leaving the track. Neglect 2 l-J-J * 

friction, the mass of the wheels, and the size of the car. . y2 800 ( 1 . 81 )^ 

What is the normal reaction on the car when the car is at + = ma " 800(9 - 81J " nt* 0 

B and when it is at C? rtw. 

Thus ' V, = 9.90 m/s 1 



800(9.81) = 800<y§) 


A = 24.5 m 


LoJoJ ~-?- 

Soo(Ul)fj 

ntsco 

P 

seofrSi)^ 


Ant (For A to be minimum.) 



T * + V A = T c + V c 


-(800)(3) 2 + 0 = ~(800)(v c ) 2 - 800(9.81 )(24.5-14) 




v c = 14.69 m/s 


+ -iEF; = me 


Cp J 

8»(l.*l)bl 


;-fiatvu*) 


N c + 800(9.81) = 800(i~) 
#c “ 16*8 kN A ns 


£ 

sootww 


*14-80. The roller-coaster car has a mass of 800 kg, ^ 7 m-ioo P provided it firsts .mund 

including its passenger. If it is released from rest at the 

top of the hill A, determine the minimum height h of the T * + v * - T * + *4 

hill crest so that the car travels around both inside loops J 

without leaving the track. Neglect friction, the mass of the 0 + o = -(800)(vJ) - 800(9.8i)(A-20) 

wheels, and the size of the car. What is the normal reaction ^ 

on the car when the car is at B and when it is at C? +i zf = m v 800(9.81) = 800 (— ) r**^l 


800(9.81) = 800(-i) 


r 8 ooc4,to»* 



A = 25.0 m 
N. = 0 


Arts (For A to be minimum.) 


r A + v A = t c + v c 

0+ 0 = i(800)(v c ) 2 - 800(9.81)(25—14) 
v c = 14.69 m/s 

(14.69) 2 

+ 4.J2; = ma.; N c + 800(9.81) = 800(—--) 


J* 

-Cfi 


f«j(9.St)F 














14-81. Tarzan has a mass of 100 kg and from rest swings 
from the cliff by rigidly holding on to the tree vine, which 
is 10 m measured from the supporting limb A to his center 
of mass. Determine his speed just after the vine strikes 
the lower limb at B. Also, with what force must he hold 
on to the vine just before and just after the vine contacts 
the limb at 6? 

Datum at C 

71 + Vi = T 2 +14 


0 + 0= ^(100)(v c ) 2 - 100(9.81)(10)(1 -cos45°) 


vc = 7.581 = 7.58 m/s Ans 



Just before striking B, p = 10 m 


r-*i.ioo(222) 


T = 1.56 kN Ans 


Just after striking B, p = 3 m 



X>arK+rn 


-t ZF.=man-, T- 981 = 10o( (7 '^ 8l) * j 


T = 2.90 kN Ans 


14-82. The spring has a stiffness k = 3 lb/ft and an 
unstretched length of 2 ft. If it is attached to the 5-lb 
smooth collar and the collar is released from rest at A, 
determine the speed of the collar just before it strikes the 
end of the rod at B. Neglect the size of the collar. 


|\ %. 
6ft * = 31b/ft'SS y 


Datum at B. 


I t oa I = /(l) 2 + (4)» + (6)5 = 7.28 ft 


I r 0 , I = yW + (3) 2 + (2)2 = 3.74 ft 

r, + v, = r 2 + v 2 


0+(5)(6-2) + i<3)(7.28-2) 2 = ~(~ )v 2 + i(3)(3.74-2) a 


v. m 27.2 ft/s 


/ 1 ft 


3ft / 










14-83. Just for fun, two 150-lb engineering students A 
and B intend to jump off the bridge from rest using an 
elastic cord (bungee cord) having a stiffness k = 80 lb/ft. 
They wish to just reach the surface of the river, when A, 
attached to the cord, lets go of B at the instant they touch 
the water. Determine the proper unstretched length of 
the cord to do the stunt, and calculate the maximum 
acceleration of student A and the maximum height he 
reaches above the water after the rebound. From your 
results, comment on the feasibility of doing this stunt. 


r, + v, = s + v, 

0 + 2<150)(120) = o + 
x = 30ft 

Unstretched length of cord. 
120 = l + 30 
J = 90 ft Ans 



ft 1 - 416.25 ft + 43 200 = 0 


Choosing the root > 210 ft 
ft =3 219 ft A ns 

-c-tXJJ = ma,', 80(30) - 150 = 

a = 483 ft/s z Ans 


, ?«<!») IV 

Tl'SOtS 


It would not be a good idea to perform the stunt since a = 15 g which is excessive and A rises 
219' - 120“ = 99 ft above the bridge! 


*14-84. Two equal-length springs having a stiffness 
k A = 300 N/m and k„ = 200 N/m are “nested” together 
in order to form a shock absorber. If a 2-kg block is 
dropped from an at-rest position 0.6 m above the top of 
the springs, determine their deformation when the block 
momentarily stops. 


Datum at initial position : 


7i t- V, = T 2 + 14 

0 + 0 = 0-2(9.811(0.6 + .<) + ^(300 + 200H*) 2 

250x 2 - 19.6Zx- 11.772 = 0 
Solving for the positive root. 



x = 0.260 m Ans 






14-85. The ride at an amusement park consists of a 
gondola which is lifted to a height of 120 ft at A. If it is 
released from rest and falls along the parabolic track, 
determine the speed at the instant y = 20 ft. Also 
determine the normal reaction of the tracks on the 
gondola at this instant. The gondola and passenger have 
a total weight of 500 lb. Neglect the effects of friction and j 
the mass of the wheels. 


I A""f 


dy 1 
lx ~ 130 * 


tl = — 

dx t 130 


Aty = 120-100 = 20 ft 


x = 72.11 ft 


y = 20ft 


tan0 - — - 0.SS5, 6 - 29.02° 

dx 

[1 + ( 0 . 355 ) 2 1 ^ _ 194-40 ft 


500 v 2 

-- w !^; N 0 — 500 cos29.02 — 2^*19440^ 

T, + V, '-25 +' Vi 

0 + o = i(^- 5 « ) 

v 2 = 6440 


.... looljt 

’Uf'lL 

ttn \ 


v = 80.2 ft/s Ans 

Substituting into Eq. (1) yields 


N a = 952 lb 


- «■ «■ « g»4 "fAS S»J1 ■ 111 








14-86. When the 6-kg box reaches point A it has a speed 
of v A - 2 m/s. Determine the angle 0 at which it leaves 
the smooth circular ramp and the distance s to where it 
falls into the cart. Neglect friction. 


L<M 


v A = 2 m/s 



At point 8 

yZF n =ma* \ 6(9.81) cos£= 6^ j (1) 

Datum at bottom of curve: 

T A *V A =T a *M 

-(6)(2) 2 +6(9.80(1.2 cos20°) = i(6)(v s ) 2 +6(9.80(1.2 cos4) 

13.062 = 0.5vfc + 11.772 cos* (2) 

Substitute Eq. (1) intoEq. (2), and solving for v s , 




leMQH 



T?A*IA>v\. 


v„ =2.951 m/s 


Thus, 0 = cos 


.,f q-95i)M _, 

1,1.2(9.81)/ 


9= <p- 20° = 22.3° Ans 
(+ T) S ~So +VqS+ fact 2 


-1.2 cos42.29° = 0 - 2.95 1 (sin42.29“)f+ i(-9. 81)i 2 


. 4z.&° 

\ . 


Z Coi+Z.l 1 ) 0 


4.9051 2 + 1.9857r-0.8877 =0 
Solving for the positive root : t = 0.2687 s 


S = Sq + Vo t 


s = 0+(2.951 cos42.29°) (0.2687) 


s= 0.587 m Ans 






14-87. The 2-lb box has a velocity of 5 ft/s when it 
begins to slide down the smooth inclined surface at A. 
Determine the point C(x,y) where it strikes the lower 
incline. 



Datum at A: 


t a + v A = t b + v b 


5(515) <5>=+0 -i(tH)- | - 2<15) 


v B = 31.48 ft/s 


•V = *0 + t>0 1 


31.48 ft/s 



x =0 + 31. 




(+t) - v = s 0 + V{ )t + 


>• = 30- 31.48 ( - ) t + — (—32.2)/ 2 


Equation of inclined surface: 


x 2 ’ 2 


30 - 18.888? - 16. If 2 = 12.592t 


■ 16.1/ 2 — 31.480r + 30 = 0 


Solving for the positive root, 


t =0.7014 s 


From Eqs. (1) and (2): 




.r = 31.48 - (0.7014) = 17.66 = 17.7 ft Ans 


y= -(17.664) = 8.832 = 8.83 ft Ans 


MM’afel'dM 





*14-88. The 2-lb box has a velocity of 5 ft/s when it 
begins to slide down the smooth inclined surface at A. 
Determine its speed just before hitting the surface at C 
and the time to travel from/I to C.The coordinates of 
point C are x = 17.66 ft, and y = 8.832 ft. 


Datum at A: 


T* + V a =T c + V c 


v c = 48.5ft Is Ans 

A ZF X =««,•: 2 ( 5 )-(sjK 



a.. = 19.32 ft/s 2 


r* + v A =r B + vi 

K3l2) (5)I + 0= K3l2) 4 ' 2(15) 

V, =31.48 ft/s 
(■ Py ) v B = va+o*i 

31.48 = 5+ 19.32f/s 
‘ab = 1-371 s 

s=s 0 +v 0 t 

xaO + 31.480* CD 

(+T) s = Jo +-vb<+ -a** 2 

y = 30 - 31.48^|^r+ i(—32.21* 2 

Equation of inclined surface : 


A' 

;<l / s, 

>v/~.-. *L 


l mi.-, (2) 

x 2 2 


30- 18.888f- 16. If 2 = 12.592t 
-16. lf 2 -3l.480»+30 = 0 
Solving for (he positive root: 


t = 0.7014 s 


Total time is 

r= 1.371 +0.7014 = 2.07 s Ans 






14-89. The 2-kg ball of negligible size is fired from point 
A with an initial velocity of 10 m/s up the smooth 
inclined plane. Determine the distance from point C to 
where it hits the horizontal surface at D. Also, what is its 
velocity when it strikes the surface? 



Datum at A: 

=T» 

-(2)(10) 2 +0 = ^(2)(va) 2 +2(9.81)0.5) 
v B = 8.40t ra/s 


i=IO+Vol 

d = 0+8.40l(^)t 


(+T) s =so+vbt+-a<r» 2 


-4.9051 2 + 5.0401+1.5 = 0 
Solving for the positive root. 


/= 1.269 s 


d = 8.401^^(1-269) = 8.53 tn Ans 


Datum at A: 


T a + Vt =$> + 'fc 

i(2)(10) 2 +0 = r©( y D) 2 +0 
2 l 

v D = 10ra/s Ans 


?.4D \* r 'k 











14-90. The ball has a weight of 15 lb and is fixed to a 
rod having a negligible mass. If it is released from rest 
when 9 = 0°, determine the angle 9 at which the 
compressive force in the rod becomes zero. 

.-.-.---j ■ Ti + v t = t 2 + v 1 

■ \ 

0+0 = i<3l2 )V ’~ 15(3)0 ~ 00, ® ) 




14-91. The 0.5-lb ball is shot from the spring device 
shown. The spring has a stiffness k = 10 Ib/in. and the four 
cords C and plate P keep the spring compressed 2 in. 
when no load is on the plate. The plate is pushed back 
3 in. from its initial position, so that s = 30 in. If it is then 
released from rest, determine the speed of the ball when 
it leaves the surface of the smooth inclined plane. 

Potential Energy : Hie datum is set at the lowest point (compressed position). 
30 

Finally, the ball is —sm 30° = 1.25 ft above the datum and its gravitational 
potential energy is 0.5 (1.25) = 0.625 ft ■ lb. The initial and final elastic potential 

energy are i (120) ^ j = 10.42 ft • lb and I (120) (dL J =1.667 ft lb, 
respectively. 

Conservation of Energy : 



Z7J +XV, = X7 2 +XV 2 
0+10.42 = i^Mjp 2 + o. 625+ 1.667 
t) = 32.3ft/s 


An« 


*14-92. The 0.5-lb ball is shot from the spring device 
shown. Determine the smallest stiffness k which is 
required to shoot the ball a maximum distance s = 30 in. 
up the plane after the spring is pushed back 3 in. and the 
ball is released from restThe four cords C and plate P keep 
the spring compressed 2 in. when no load is on the plate. 



Potential Energy : Hie datum is set at the lowest point (compressed position). 
Finally, the ball is §sin 30° = 1.25 ft above the datum and its gravitational 
potential energy is 0.5< 1.25) = 0.625 ft. lb. Hie initialed final elastic potential 
.= 0.08681* and=0.01389*, respeodveiy. 


energy are ; 


Conservation of Energy 


xzi+xv, = xr 2 +xv 2 

0+ 0.08681* =0 + 0.625 + 0.01389* 
* = 8.57 lb/ft 


Ana 







14 - 93 . Four inelastic cables C are attached to a plate P 
and hold the 1-ft-long spring 0.25 ft in compression when 
no weight is on the plate. There is also an undeformed 
spring nested within this compressed spring, ff the block, 
having a weight of 10 lb, is moving downward at v ~ 4 ft/s, 
when it is 2 ft above the plate, determine the maximum 
compression in each spring after it strikes the plate. 
Neglect the mass of the plate and spring and any energy 
lost in the collision. 


30(12) - 360 lb/ft 


Ill 


f rn 50(12) = 600 lb/lt 
Assume both springs compress; 


T, + V, = T t + V 2 

5 ( H3 )(4)i + ° + J* 360 )* 0 - 25 ) 1 - 0 + ^(360)(s+0.25) 2 + i(600)(s—0.25) 2 -10(s+2) 


* = 30 Ih/in 


2 - 


' = 50 Ib/in. 



13.73 = 180(s+0.25) 2 + 300(j-0.25) J - 10s - 20 

33.73 = 180(s+0.25) 2 + 300(s-0.25) 2 - 10s 


48Qj 2 - 70s -3.73 = 0 


Choose the positive root; 


s - 0.1873 ft < 0.25 ft NGI 


The nested spring does not deform. 


Thus Eq. (1) becomes 


13.73 - 180(s+0.2S) 2 - 10s - 20 
180s 2 + 80s - 22.48 = 0 


s - 0.195 ft 


14-94. The double-spring bumper is used to stop the 
1500-lb steel billet in the rolling mill. Determine the 
maximum deflection of the plate A caused by the billet 
if it strikes the plate with a speed of 8 ft/s. Neglect the 
mass of the springs, rollers and the plates A and B. Take 
k x = 3000 lb/ft, k 2 = 4500 lb/ft. 


v = 8 ft/s 


B *2 



r, + H = ? + H 


f(^)<8) 2 + 0= 0+§(3000)s? + t(4500)s 2 [1] 


f; = 3000s, =45O0s 2 ; 
s, = 1.5 j 2 

Solving Eqs.[l] and (2) yields: 

Sj =0.5148 ft s, = 0.7722 ft 

t A =s l +s t = 0.7722+ 0.5148 = 1.29 ft Ans 










14-95. If the mass of the earth is M e , show that the 
gravitational potential energy of a body of mass m located 
a distance r from the center of the earth is 
* ~GM e m/r. Recall that the gravitational force acting 
between the earth and the body is F - G{M e m/r l ), 
Eq. 13-1. For the calculation, locate the datum at r —» oo. 
Also, prove that F is a conservative force. 


Tie work is computed by moviagF from petition r to a greater position f. 


V - -{/= -/ Fdr 


e/ dr 

-GU.m\ - 


—i- r Jto-Wi 

'TT7£ 


-p) 


Aa y -» 
-G*t m 


To be conservative, require 


3 G At m 

-GM, m 
r> 


e r‘ fr °“ ““ 

is lost I n ’ ■’ 1 !' Assuming that no mass 

is lost as it travels upward, determine the work it must do 

against gravity to reach a distance r 2 . The force of gravity 

earth andSw t^' Where K is the mass of th ^ 

of thee^th 6 Cen thC f0Cket and the center 




r dr 

Ui-2 = J Fdr~ - GM,m) - 
^ ’ 

U,. 2 = GM t m(— - —) Ana 

r i r i 










^ 20-lb block slides down a30° inclined plane with 
an initial velocity of 2 ft/s. Determine the velocity of the 
block in 3 s if the coefficient of kinetic friction between 
the block and the plane is fj, k = 0.25. 

(A.) "lUv), +Zj F y -dt= m(v y -) 2 

0-t-/V(3)-20cos30°(3) = 0 N= 17.321b 


(+/ / ) ™(iV)i + ^J ; F x -dt= m(u x -) 2 


20 in 

(2) + 20sin30°(3)-0.25(17.32)(3) = —v 
i2 - 2 32.2 

u= 29.4 ft/s Ans 



“ * 2 ' lb bal1 ,s thrown * n direction shown with 
an mittal speed v A = 18 ft/s. Determine the time needed 
for it to reach ,ts h.ghest point B and the speed at which 
it « traveling at B. Use the principle of impulse and 
momentum for the solution. 


v K -18 ft/s 



• (+t) m{v y ) l + xjFdt = m(v ? ) 2 

A(18sin30») - 2<t) = 0 
t = 0.2795 = 0.280 s 
(“♦) + xjF x dt n 

A( 18cos3 0«) + 0 = JL(v.) 
v, = 15.588 *» 15.6 ft/s 


V8<54 

h 


15-3. A 5-lb block is given an initial velocity of 10 ft/s 
up a 45° smooth slope. Determine the time it will take to 
travel up the slope before it stops. 


('+) ml - v *>i + zjy.-<J' = m(v x .) 2 


322 ^ + (~ 5 sin45°)i = 0 


r= 0.439 s 









* 15*4 The 180-lb iron worker is secured by a fall-arrest 
system consisting of a harness and lanyard AB, which is fixed 
to the beam. If the lanyard has a slack of 4 ft, determine the 
average impulsive force developed in the lanyard if he 
happens to fall 4 feet. Neglect his size in the calculation and 
assume the impulse takes place in 0.6 seconds. 



T, + 2^1-2 = t 2 


0+180W = l<S v ’ 


v = 16.05 ft/s 


(+4) mv, + f F dr ■■ 


—06.05) + 180(0.6) - F{ 0.6) = 0 


F = 329.5 lb = 330 lb 


15-5. The graph shows the vertical reaction force of the 
shoe-ground interaction as a function of time. The first 
peak acts on the heel, and the second peak acts on the 
forefoot. Determine the total impulse acting on the shoe 
during the interaction. 

Impulse : Hie total impluse acting on the shoe can be obtained by evaluating 
the area under the F -1 graph. 3 8 

1 = 2 (600) [ 25 ( 10 ‘ 3 ) ]+\ (500 + 600) (50- 25) (10' 3 ) 

+2(500+ 750)(100 - 50)(l0- 3 ) +^(750)[(200- 100)(l0- 3 )l 
= 90.0 lb -s J 



15-6. A man hits the 50-g golf ball such that it leaves 
the tee at an angle of 40° with the horizontal and strikes 
the ground at the same elevation a distance of 20 m away. 
Determine the impulse of the club C on the ball. Neglect 
the impulse caused by the ball’s weight while the club is 
striking the ball. 



(-►) s, = (Jo), + (Vo),f 
20 = 0 + v cos40°(/> 

(+ t) j = j„ + v 0 r + j^r 2 


0 = 0 + v sin^X)*^/) - 4(9,8i)r2 


v = 14.115 m/s 

(V) mv, + zj Fdt = mv 2 

0+ $Fdt = (0.05)(14.U5) 


j><*= 0.706 N s Ans 







15-7. A hammer head H having a weight of 0.25 lb is 
moving vertically downward at 40 ft/s when it strikes the 
head of a nail of negligible mass and drives it into a block 
of wood. Find the impulse on the nail if it is assumed that 
the grip at A is loose, the handle has a negligible mass, 
and the hammer stays in contact with the nail while it 
comes to rest. Neglect the impulse caused by the weight 
of the hammer head during contact with the nail. 


(+ 1) mlv, )i + Z Jf v dt = m(v y )■> 


gg)(40)-(F*.0 


40 ft/s 



i •aIz-O 


j> <* = 0.311 lb- s Aim 


*15-8. During operation the breaker hammer develops 
on the concrete surface a force which is indicated in the 
graph. To achieve this the 2-lb spike S is fired from rest 
into the surface at 200 ft/s. Determine the speed of the 
spike just after rebounding. 


F (10 3 ) lb 
112.5 I-r 


0.1 0.2 0.3 0.4 



(+4) mv, + f Fdt = nv t 

5l2 (20Q) + 2<0.0004) - Area = -± (v) 
32.2' ' 

A« a =i(90 K1 0>) ( o.4) ( ,o-’ ) = 18]b . s 


2lh(o.OOOi*^ 


v = 89.8 «/s 


15-9. When the 5-kg block is 6 m from the wall, it is 
sliding at v x = 14 m/s. If the coefficient of kinetic friction 
between the block and the horizontal plane is fi k - 0.3, 
determine the impulse of the wall on the block necessary 
to stop the block. Neglect the friction impulse acting on 
the block during the collision. 


Equation of Motion : The acceleration of the block must be obtained first 
before one can determine the velocity of the block before it strikes the wall. 

+ Tx/J =ma f ; N- 5(9.81) =5(0) N = 49.05N 
4 -ZF X = ma,; -0.3(49.05) = -5a a= 2.943 m/s 2 

Kinematics : Applying the equation v 2 = x>\ + 2a t (j-s 0 ) yields 

( U) v 2 = 14 2 + 2(-2.943) (6-0) v = 12.68 m/s 

Principle of Linear Impulse and Momentum : Applying Eq. 15-4, we 
have 


t/j = 14 m/s 



m(oJ, +z/ 1 F x dt = m(v,) t 


5(12.68)-/ = 5(0) 
/ = 63.4 N • s 






15-10. A man kicks the 200-g ball such that it leaves the 
ground at an angle of 30° with the horizontal and strikes 
the ground at the same elevation a distance of 15 m away. 
Determine the impulse of his foot F on the ball. Neglect 
the impulse caused by the ball’s weight while its being 
kicked. 

(.-*) s x — { s a)x + U’obr + 2 a <- (2 
15 = 0+ i.'cos30°? +0 

(+1) i’v = (oo)v + 



v sin 30° = v sin 30° — 9.81 r 


t = 1.329 s 




*"■'■^30° 


v = 13.04 m/s 


(+/) mi<i + Fdt = mv 2 

0 + f Fdt = 0.2(13.04) 


I = Fdt = 2.608 = 2.61 N • s & Ans 


15-11. The particle P is acted upon by its weight of 
3 lb and forces F\ and F 2 , where t is in seconds. If 
the particle originally has a velocity of uj — {3i + Ij + 
6A-} ft/s, determine its speed after 2 s. 


Fdt = mv 2 


Resolving into scalar components, 




F,= {; 2 i}lb 


F, = {5i + 2(j+/k)lb 


3 r 3 

-(1)+ / 2 tdt =-(t> v ) 

32.2 J„ 32.2 ' 


5l2 (6) + i (r " 


3Mt = —(n : ) 


v x = 138.96 ft/s v y m 43.933 ft/s v t = -36.933 ft/s 


i> = 7(138.96)- 4- (43.933) 2 4- (-36.933)- = 150 ft/s Ans 


*15-12. The twitch in a muscle of the arm develops a 
force which can be measured as a function of time as 
shown in the graph. If the effective contraction of the 
muscle lasts for a time to, determine the impulse devel¬ 
oped by the muscle. 


-F=F n tr)e‘ 


i>(f 


/=^ r*-*”* 

T Jo 


I = -F 0 I Te~'i T ( - 


(Hi: 


/ = -F a 


Te~’ a/T (| 4- l) 


/ — TFa l-r-/ T 
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15-13. Assuming that the force acting on a 2-g bullet, as 
it passes horizontally through the barrel of a rifle, varies 
with time in the manner shown, determine the maximum 
net force F 0 , applied to the bullet when it is fired. The 
muzzle velocity is 500 m/s when t = 0.75 ms. Neglect 
friction between the bullet and the rifle barrel. 

Principle of Linear Impulse and Momentum: The total impluse acting 
on the bullet can be obtained by evaluating the area under the F — t 

graph. Thus. I = Ylf Fxdt = ^(F>)[0.5(10 _3 )1 -I- i(F,>)[(0.75 - 

0.5)(1(T 3 )] = 0.375(1 0“V«. Applying Eq. 15-4, we have 






F x dt = m(v k ) 2 



(4) 0 + 0.375(10-Vo = 2(10-’)(500) 

F<> = 2666.67 N = 2.67 kN Ans 



15-14. As indicated by the derivation, the principle of 
impulse and momentum is valid for observers in any iner¬ 
tial reference frame. Show that this is so, by considering 
the 10-kg block which rests on the smooth surface and is 
subjected to a horizontal force of 6 N. If observer A is 
in a fixed frame x, determine the final speed of the block 
in 4 s if it has an initial speed of 5 m/s measured from 
the fixed frame. Compare the result with that obtained by 
an observer B, attached to the x' axis that moves at a 
constant velocity of 2 m/s relative to A. 


A*- x 

B . ---- 


2 m/s 


5 m/s 



Observ er A: 


(-») mv | + 




Fdt — mi’2 


10(5) + 6(4) = 10» 

v = 7.40 m/s Ans 
Observer B: 

(-i) mv i + — mv -2 

10(3)+6(4) « 10t’ 


r = 6N | 


98.1 N f = 4 s 

-5 m/s —*- v 


I N 


v = 5.40 m/s 


Ans 


15-15. The 4-lb cabinet is subjected to the force F = 
I2(t + l) 2 lb where t is in seconds. If the cabinet is 
initially moving up the plane with a velocity of 10 ft/s, 
determine how long it will take before the cabinet comes 
to a stop. F always acts parallel to the plane. Neglect the 
size of the rollers. 

Principle of Linear Impulse and Momentum: Applying Eq. 15-4. 
we have 



41b 
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t = 8.78 s 







15*18. The uniform beam has a weight of 5000 lb. 
Determine the average tension in each of the two cables AB 
and AC if the beam is given an upward speed of 8 ft/s in 
1.5 s starting from rest. Neglect the mass of the cables. 



(+ f) mv, + zjFdt = mv. 


0 + - 5000(1.5) = ~2(g) 

32.2 

P «, = 5828.157 = 5828.2 lb 
+ tZF r = 0 : 5828.157 - 2 ( 1)^=0 

F «t = 3642.5981b = 3.64 kit 


Matatt 


Just before impact 

15-19. The 5-kg block is moving downward at V\ = 2 m/s 
when it is 8 m from the sandy surface. Determine the impulse + “ T i 

of the sand on the block necessary to stop its motion. Neglect , 

the distance the block dents into the sand and assume the 2 < s )( 2 ) 2 + 8(« 

block does not rebound. Neglect the weight of the block 
during the impact with the sand. v “ 12 687 m/! 

(+ 1) mv, + z!Fdt ■■ 


j(5)(2) 1 + 8(5)(9.81) » i(5)(v 2 ) 


0 1 * 1 -: 


v = 12.687 m/s 


mv, + zj Fdt m mv 2 
3(12.687) - S Fdt = 0 


srft.f 0 W 


*15-20. The 5-kg block is falling downward at v x = 2 m/s 
when it is 8 m from the sandy surface. Determine the average 
impulsive force acting on the block by the sand if the motion 
of the block is stopped in 0.9 s once the block strikes the 
sand. Neglect the distance the block dents into the sand and 
assume the block does not rebound. Neglect the weight of 
the block during the impact with the sand. 


□ \ #|=2 m/s 


Just before impact 
T, = t 2 

|(5K2) 2 + 8(5)(9.81) . i(5)(v 2 ) 


v - 12.69 m/s 


(+ 1) mv, + zj Fdt : 


f')« 


tWijfiit) 


5(12.69) - F mf (0.9) = 0 
~ 70.5 N Ans 







15-21. A 30-lb block is initially moving along a smooth 
horizontal surface with a speed of V\ = 6 ft/s to the left. 
If it is acted upon by a force F, which varies in the manner 
shown, determine the velocity of the block in 15 s. 


m(v,)i dt = m(v x )i 

-J. 59.(—)(..), 



50li 


F 


*15-22. The rocket sled has a mass of 3 Mg and starts 
from rest when / == 0. If the engines provide a horizontal 
thrust T which varies as shown in the graph, determine 
the sled’s velocity in / = 4 s. Neglect air resistance, 
friction, and the loss of fuel during the motion. 



O0 5 )[40» + 300*" *'j 3 „ 3( J0*)v 

(10’)[160 + 300(~) -300] = 3C10V 
" = 20.4 m/s Ans 


3ceo(?.ll) N 


y = 20.4 m/s 






15 - 23 . The tennis ball has a horizontal speed of 15 m/s 
when it is struck by the racket. If it then travels away at 
an angle of 25° from the horizontal and reaches a 
maximum altitude of 10 m, measured from the height of 
the racket, determine the magnitude of the net impulse 

of the racket on the ball. The ball has a mass of 180 g. < + *> v l m (v*)J + 2 ^(j, - ( io ) ; > 
Neglect the weight of the ball during the time the racket 

strikes the ball. (v ’ - 0 + 2f9.8i>(io-0) 

v 2 *= 33.14 m/s 


<-») m(v x ), + zj/? dt = 



-0.180(15) + /^ <*= 0.180(33.14cos25°) 
/ij *= 8.107 N-s 
(+ 1 ) m(v,), + zf F, dt =* m(v,)j 


0 + jF } dt m 0.180(33.14sin 25°) 
2.521 N-j 



F^ 


*15-24. The 40-kg slider block is moving to the right 
with a speed of 1.5 m/s when it is acted upon by the forces 
F t and F 2 . If these loadings vary in the manner shown on 
the graph, determine the speed of the block at ( = 6 s. 
Neglect friction and the mass of the pulleys and cords. 


/ * Jf dt = /(8.107) 2 + (2.S21) 2 


8.49 N s 4> Ans 

113 * 



F(N) 



The impulses acting on the block are equal to the areas under the graph. 

(-*) dt = m(v x )i 

40(1.5) + 4[(30)4 +10(6 - 4)J - (10(2) + 20(4 -2) + 40(6 - 4)] = 40v, 




f(N) 






N 


- 


Fl 

- 

F, 



— 



— 


v z — 12.0 m/s(—>) Ans 


0 


2 


4 





15-25. Determine the velocities of blocks A and B 2 s 
after they are released from rest. Neglect the mass of the 
pulleys and cables. 


2s A + 2 SB = I 


Block A: 


(+4) m(vy), + J2f F >dt ~ m( v yh 

0 - 7 ( 2 )+ 2 ( 2 ) = ^)^ 


Block B: 


(+4-) m(i>v)i + S/ Fydt - tll(Vy)2 

0 + 4(2) — T(2) = ( 3 ^ 2 ) 




Solving, 


T = 2.67 lb 


Vff = 21.5 ft/s 4 


v A — —21.5 ft/s = 21.5 ft/s f Ans 


15-26. The 5-kg package is released from rest at A. 
It slides down the smooth plane onto the rough surface 
having a coefficient of kinetic friction of /x* = 0.2. Deter¬ 
mine the total time of travel before the package stops 
sliding. Neglect the size of the package. 



Potential Energy: The datum is set at point A. When the package y 

reaches the toe of the inclined plane, its position is 3 m below the 5(9.81) N 

datum. Its gravitational potential energy is 5(9.81)(—3) — —147.15 / - 1 

N • m. 

Conservation of Energy: Applying Eq. 14-21, we have hc r~ j.j 

T, + V, = T 2 + V 2 / f>=0.2N 


0 + 0= -(5)1^+ (-147.15) 


i» = 7.672 m/s 


Principle of Linear Impulse and Momentum: The time taken for the 
package to reach the toe of the inclined plane can be obtained by 
applying Eq. 15-4. 


(v^.+djT/v 


dt = m(ry ) 2 


(\+) 5(0) + 5(9.81) sin 30°t, =5(7.672) 

t] = 1.564 s 

The time taken for the package to stop when it moves along the 
horizontal rough surface can be obtained by applying Eq. 15-4. 


m(i\) 1 + V, / Fydt = m(i+) 2 


(+t) 5(0) + /V</ 2 ) — 5(9.8 l)t 2 =5(0) 


5(9.81)N 




N = 49.05 N 


u. + Ef f. 


dt = m(v x )2 


(-4) 5(7.672) + l—0.2(49.05)^2 i = 5(0) 


t = 3.910 s 


Thus, the total package's traveling time is 


. . . t =++ /i = 1.564 + 3.910 = 5.47 s Ans 
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15 * 27 . Block A weighs 10 lb and block B weighs 3 lb. If 
B is moving downward with a velocity (v g ) l = 3 ft/s at 
t * 0, determine the velocity of A when t * 1 s. 



*a + 2s, = / 


» -2v„ 

(<1) + = mVl 


10 


(+■»■) 


-3Z2 (2 » 3 > - no = ~(v„) 2 

“V, + _ 


32 2 ( 3 ) + 3 ( 1 ) - 27(0 = -L f (Mi . 

32 . 2 ' 2 ~> 

- 32 . 27 -- JO(v Ah m go 
— 64AT + lj(v„), . _, 0J 6 
7" = 1.40 lb 

^ ) 2 = -10.5 ft/s = 10.J ft/s 



1014 



*15-28. Block A weighs 10 lb and block B weighs 3 lb. 
If B is moving downward with a velocity (hb)i = 3 ft/s 
at t = 0, determine the velocity of A when i = 1 s. The 
coefficient of kinetic friction between the horizontal 
plane and block A is fi A — 0.15. 



(i>s)i = 3 ft/s 



(+ 1 ) 


~W2 (2)(3) ~ nl> +0 - 15(,0) = W2 (Va)i 

mv, + s/ Fdt = mv 2 


^(3)4 3(1) - 27(1) 


— 32-27- - 10(v„) 2 = 11.70 
-64.47-+ 1.5(v^)i = -105.6 



rj~hT 

4(*f 


r = 1.50 lb 

(v A ), = -6.00 ft/s = 6.00 ft/s -» 


A ns 




15-29. The winch delivers a horizontal towing force F 
to its cable at A which varies as shown in the graph. 
Determine the speed of the 70-kg bucket B when t = 
18 s. Originally the bucket is moving upward at v\ — 
3 m/s. 



12 24 


Principle of Linear Impulse and Momentum: For the time 
F - 360 600 - 360 

period 12 s < t < 18 s, -— =-. F = (20r + 120) N. 

t - 12 24- 12 

Applying Eq. 15-4 to bucket B, we have 


( 0 v ) I + u Fydt = m(Vy) 2 


/• 18 a 

(+t) 70(3) +2 360(12)+ / (20t + l20)dt 

J 12a 

-70(9.81)08) =70i> 2 
t '2 = 21.8 m/s An 



70(9.81) N 


15-30. The winch delivers a horizontal towing force F 
to its cable at A w'hich varies as shown in the graph. Deter¬ 
mine the speed of the 80-kg bucket B when t = 24 s. 
Originally the bucket is moving downward at 20 m/s. 




\ 

\ 




12 24 


Principle of Linear Impulse and Momentum: The total impluse 
exerted on bucket B can be obtained by evaluating the area under 
the F — t graph. Thus, 


:£j/M' = 2 [ 3 


360(12) + -(360 + 600) (24 ■ 


= 20160 N ■ s. 

Applying Eq. 15-4 to the bucket B, we have 

m (i\.) i + 5Z F > clr = m ( l ’ v ^ 

(+ f) 80(—20) + 20 160 - 80(9.81)(24) = 80n 2 



80(9.81 )N 


MMiFsrdbl 


t )2 = —3.44 m/s = 3.44 m/s f 





15 - 31 . The log has a mass of 500 kg and rests on the 
ground for which the coefficients of static and kinetic 
friction are fi s = 0.5 and ix k = 0.4, respectively. The 
winch delivers a horizontal towing force T to its cable at 
A which varies as shown in the graph. Determine the 
speed of the log when / = 5 s. Originally the tension in 
the cable is zero. Hint: First determine the force needed 4 ^ „ 0 . 
to begin moving the log. 


F- 0.5(500)(9.81) = 0 
F = 2452.5 N 


Thus, 


SoofUl) tj 

T M, « Soc(1.8t)^| 


r(N) 



2T = F 

2(2001 1 ) » 2452.5 
t = 2.476 s to start log moving 
(-^►) mvj + zj Fdt = mv 2 




rH— 

soofl.tt)/# 


0 + 2 J* 200/ 3 dt+ 2(1800)(5 — 3) - 0.4<500)(9.81)(5 - 2.476) = 500v, 

2..76 

/’ I 3 

400(—) + 2247.91 « 500v, 

3 12..7* 


v 2 = 7.65 m/s Ans 


*15-32. A railroad car having a mass of 15 Mg is 
coasting at 1.5 m/s on a horizontal track. At the same 
time another car having a mass of 12 Mg is coasting at 
0.75 m/s in the opposite direction. If the cars meet and 
couple together, determine the speed of both cars just 
after the coupling. Find the difference between the total 
kinetic energy before and after coupling has occurred, 
and explain qualitatively what happened to this energy. 


(-+) Zmv 1 = Zmv-i 

15 000(1.5) - 12000(0.75) = 27 000^) 

V 2 = 0.5 m/s Ans 

r, = 1(15 000)(1.5) J + ^(12 000)(0,75) 2 = 20.25 kJ 

Ti = i(27 000)(0.5) 2 = 3.375 kJ 
AT = T t - 7i 

= 3.375-20.25 = -16.9 kJ Ans 

This energy is dissipated as noise, shock, and heat during the coupling. 


Mmmmmmmrn 


-4 H 






15-33. The car A has a weight of 4500 lb and is trav¬ 
eling to the right at 3 ft/s. Meanwhile a 3000-lb car B is 
traveling at 6 ft/s to the left. If the cars crash head-on and 
become entangled, determine their common velocity just 
after the collision. Assume that the brakes are not applied 
during collision. 


v A = 3 ft/s 


v B = 6 ft/s 



(4-) m A (v A )i + m B (v B ) i = (mj +m B )v 2 


4500 3000 , 7500 

-(3)-(6) =-1)2 

32.2 32.2 32.2 


v, = -0.600 ft/s = 0.600 lt/s 


15-34. The bus B has a weight of 15 000 lb and is trav¬ 
eling to the right at 5 ft/s. Meanwhile a 3000-lb car A is 
traveling at 4 ft/s to the left. If the vehicles crash head-on 
and become entangled, determine their common velocity 
just after the collision. Assume that the vehicles are free 
to roll during collision. 


= 5 ft/s 


v A = 4 ft/s 



(-►) >h A (va)i + m B (v B ) i = (m A + m B )v 


15 000 ;Ci 3000 18000 

32.2 ( ) 32.2 (4) ~ 32.2 V 


v - 3.5 ft/s ■ 


15-35. The two blocks A and B each have a mass of 
5 kg and are suspended from parallel cords. A spring, 
having a stiffness of k = 60 N/m, is attached to B and is 
compressed 0.3 m against A and B as shown. Determine 
the maximum angles 6 and 4> of the cords when the blocks 
are released from rest and the spring becomes unstretched. 


It 

It 1 

0 m 

jL U4 

L III 

rt X if 


(-») = Jl mv 2 


0 + 0 = —5r^ 4- 5v b 


Va = Vs = V 


Just before the blocks begin to rise: 


T, + K, = T 2 4- V 2 


(0 4-0) + i(60)(0.3) : = j(5)(t>) 2 + ^(5)(u) 2 + 0 


u = 0.7348 m/s 


For .4 or B: 


Datum at lowest point. 


r, + V, = 73 + V 2 


- (5K0.7348) 2 + 0 = 0+ 5(9.81 )(2)(1 - cos 6) 


ra Em [TOwiTsTiftlirai 


6 = <p - 9.52' 





* 15 - 36 . Two men A and B, each having a weight of 
160 lb, stand on the 200-lb, cart. Each runs with a speed 
of 3 ft/s measured relative to the cart. Determine the final 
speed of the cart if (a) A runs and jumps off, then B runs 
and jumps off the same end, and (b) both run at the same 
time and jump off at the same time. Neglect the mass of 
the wheels and assume the jumps are made horizontally. 



(a) A jumps first. 

( £-) 0+0 = m A t> x -(m c +m t )v' c However, = ~ v 'c + 3 

° = i&(-»c + V-Wsv'c 

o' c = 0.9231 ft/s-> 

And then B jumps 

0 +im c +m,)v'c =m t Vg-m c v c However, u,=-v c +3 
#£(-0.9231) = #£<-Uc+3)-ff£o c 
v c — 2.26 ft/s —* Au« 

(b) Both men jump at the same time 

( £-) 0+-0 = (ib* +m s)° ~ m c u c However, V = -u c + 3 

0 = (^+#|)(-Vc + 3)-#|t. e 
v c = 1.85 ft/s -* Ana 





15-37. A man wearing ice skates throws an 8-kg block 
with an initial velocity of 2 m/s, measured relative to 
himself, in the direction shown. If he is originally at rest 
and completes the throw in 1.5 s while keeping his legs 
rigid, determine the horizontal velocity of the man just 
after releasing the block. What is the vertical reaction of 
both his skates on the ice during the throw? The man has 
a mass of 70 kg. Neglect friction and the motion of his 
arms. 





15*38. The barge weighs 45 000 lb and supports two 
automobiles A and B, which weigh 4000 lb and 3000 lb, 
respectively. If the automobiles start from rest and drive 
towards each other, accelerating at a A - 4 ft/s 2 and 
a B = 8 ft/s 2 until they reach a constant speed of 6 ft/s 
relative to the barge, determine the speed of the barge 
just before the automobiles collide. How much time does 
this take? Originally the barge is at rest. Neglect water 
resistance. 



^ <— j V. = vc + Ht/c = ve - 6 

Vg = Vc +Vg/c = Vc +6 

^ Xn* 1 . : “ T " v. 




'A 



0 = m A (v,-. - c) + m B (v c + 6) + m c v c 



'3000' 

\ (Vl i6)i (* 5000 \ 

l32.2i (c 6) 1 

>,32.2. 

r c+ 6 )+ nrrJ' 


v c = 0.1154 ft/s =0.115 ft/s Ans 


For A: 

(-*) v=vo+a e t 

6 = 0 + 4(, 

U = 1.5 s 

S = so + Vot+^Oct 2 

j = 0+O+i(4)(1.5) J =4.5 ft 


ForS : 


= Vo 


6 — 0 + 8 tg 

t B * 0.75 s 


( * \ 1 V 

J i = 5o + v 0 /+ -a c r 

s = 0 + 0 + i(8)(0.75) 2 = 2.25 

For the remaining (1.5 — 0.75)s = 0.75 s 

s = vr = 6(0.75) = 4.5 ft 

Thus, 


j = 30-4.5-4.5-2.25 = 18.75 ft 


s/2 _ 18.75/2 
v 6 


1.5625 


Ans 




t = 1.5+ 1.5625 = 3.06 s 




15-39. The barge B weighs 30 000 lb and supports an 
automobile weighing 3000 lb. If the barge is not tied to 
the pier P and someone drives the automobile to the 
other side of the barge for unloading, determine how far 
the barge moves away from the pier. Neglect the 
resistance of the water. 



Relative Velocity : The relative velocity of the car with respect to the barge 
B v db ■ Thus, the velocity of the car is 

(“0 u r = -V b + V clb [Ij 


Conservation of Linear Momentum : If we consider the car and the barge 
as a system, then the impulsive force caused by the traction of the tires is 
internal to the system. Therefore, it will cancel out. As the result, the 
linear momentum is conserved along the.r axis. 


0 = m c v e +m b v b 



Substituting Eq.[l] into [2] yields 


Uv b-v db =0 


Integrating Eq.[3] becomes 


(-) 


1 1 s b s ctb ~ 9 


13] 


14] 


Here. s c/b = 200 ft Then, from Eq. (4) 


Ils* -200 = 0 s b = 18.2 ft 


A ns 










*15-40. The block A has a mass of 2 kg and slides into 
an open ended box B with a velocity of 2 m/s. If the box 
has a mass of 3 kg and rests on top of a plate P that has 
a mass of 3 kg, determine the distance the plate moves 
after it stops sliding on the floor. Also, how long is it 
after impact before all motion ceases? The coefficient of 
kinetic friction between the box and the plate is fit = 0.2, 
and between the plate and the floor fi' k = 0.4. Also, the 
coefficient of static friction between the plate and the floor 
is n' s = 0.5. 


2 m/s B 



Equations of Equilibrium: From FBD(a), 

+ 1'E /r v=0; Nfi — (3 + 2)(9.81) = 0 Nb = 49.05 N 

When box B slides on top of plate P, ( F,) B — p-tNit = 0.2(49.05) = 
9.81 N. From FBD(b), and assuming the plate does not move. 

+ tE F v = 0: N P -49.05-3(9.81) = 0 N P — 78.48 N 

4 E = 0 ; 9.81 - (F,)/> =0 {Fj) P = 9.81 N 

Since (Fj)p < [(F / )/.] m3X = fi' s N P = 0.5(78.48) = 39.24 N. plate P 
does not move. Thus 

sp = 0 Ans 

Conservation of Linear Momentum: If we consider the block and 
the box as a system, then the impulsive force caused by the impact 
is internal to the system. Therefore, it will cancel out. As the result, 
linear momentum is conserved along the x axis. 


"'a(t’a)t +m R (VB)i = (m A +m R )v 2 


(E) 2(2) + 0 = (2 4- 3)^2 

v 2 = 0.800 m/s —* 

Principle of Linear Impulse and Momentum: Applying Eq. 15-4, 
we have 


m(v x ) i + 



F x dt = m(v t h 


(3 + 2)9.81 N 



v 



(-t) 5(0.8) + |—9.8I(0) = 5(0) 


t = 0.408 s 


Ans 



15-41. The block A has a mass of 2 kg and slides into 
an open ended box B with a velocity of 2 m/s. If the box 
has a mass of 3 kg and rests on top of a plate P that has 
a mass of 3 kg, determine the distance the plate moves 
after it stops sliding on the floor. Also, how long is it 
after impact before all motion ceases? The coefficient of 
kinetic friction between the box and the plate is ixk = 0.2, 
and between the plate and the floor = 0.1. Also, the 
coefficient of static friction between the plate and the floor 
is =0.12. 


2 m/s 



Equations of Equilibrium: From FBD(a), 

+ t£fj =0: Nb — 0 + 2)(9.81) = 0 Nb — 49.05 N 

When box B slides on top of plate P, (F/) B = p^No = 0.2(49.05) = 
9.81 N. From FBD(b). and assuming the plate does not move. 

+ t£f,=0: Np — 49.05 — 3(9.81) = 0 N P — 78.48 N 


(3 + 2)9.81 N 





' 


i 





-i£F t =0; 9.81 — (Ff)p = 0 {F f ) P = 9.81 N 

Since (F f ) P > [(F/),.] max = p! x Np =0.12(78.48) = 9.418 N. plate 
P slides. Thus. ( F,) P = p' t N P = 0.1(78.48) = 7.848 N. 

Conservation of Linear Momentum: If we consider the block and 
the box as a system, then the impulsive force caused by the impact 
is internal to the system. Therefore, it will cancel out. As the result, 
linear momentum is conserved along x axis. 

"1a(ioOi +"!«(i’r)i = ( m A + m R ) v 2 


(4) 2(2)+0 = (2 + 3)v 2 


t ’2 = 0.800 m/s -+ 


Principle of Linear Impulse and Momentum: In order for box B to 
stop sliding on plate P. both box B and plate P must have same speed 
V 3 . Applying Eq. 15-4 to box B [FBD(a)|, we have 


M(»x)l + 



F x dt 


= m{v x ) 2 


(4) 5(0.8) +[-9.81 (r,).] = 5e, [1] 


Applying Eq. 15-4 to plate P[FBD(d)l, we have 


m(.v x ) i + F x dt — m(v x ) 2 

(4) 3(0) + 9.81(fj) — 7.848(fi) = 3tq [2] 

Solving Eqs. [ 11 and |2) yields 


(a) 


N b = 49.05 

N 

3(9.81) N 

(F/)a = 




K > 



(F f ) P = 


N P = 78.48 N 
(b) 


5(9.81) N 


3(9.8l)N . 




\ 

—4 


► 9.81 N 

1......1 


7.848 N 


N 

(c) 



00 


1 1 = 0.3058 s i ’3 = 0.200 m/s 


ETSlIIMMikl i Ml IU 



15-41. (Cont.) 


Equation of Motion: From FBD(c), the acceleration of plate P when 
box B still slides on top of it is given by 

-> Fx — ma x’ 9.81 — 7.848 = 3(ap)i (tip), = 0.654 m/s 2 

When box B stops sliding on top of plate, (F f ) B — 0. From this instant 
onward plate P and box B act as a unit and slide together. From 
FBD(d), the acceleration of plate P and box B is given by 

Fx — tna x \ —7.848 = 8(«p) 2 (itp) 2 = —0.981 m/s 2 
Kinematics: Plate P travels a distance d\ before box B stop sliding. 

(-*) 4| = (fo)p/i + -(flp)itf 

= 0 + ^(0.654)(0.3058 2 ) = 0.03058 m 
The time r 2 for plate P to stop after box B stop sliding is given by 
(■4-) ltd = vs + (ap) 2 t 2 

0 = 0.200 + (-0.98 l)r 2 h = 0.2039 s 
The distance d 2 traveled by plate P after box B stop sliding is given by 

(—>) t>j = + 2(ap) 2 d 2 

0 = 0.200 2 + 2(—0.98 1 ) 1/2 d 2 = 0.02039 m 
The total distance traveled by plate P is 

d P = d, + d 2 = 0.03058 + 0.02039 = 0.05097 m = 0.0510 m Ans 
The total time taken to cease all the motion is 

fr« = t, 4- r 2 = 0.3058 + 0.2039 = 0.510 s Ans 


WiWJfymwiiri 



* 15 - 42 . The man M weighs 150 lb and jumps onto the 
boat B which has a weight of 200 lb. If he has a horizontal 
component of velocity relative to the boat of 3 ft /% just 
before he enters the boat, and the boat is traveling 
v b = 2 ft/s away from the pier when he makes the jump, 
determine the resulting velocity of the man and boat. 


A" 



(-*) V, 


'u = V, + v„ 


v u * 2 + 3 


v u - 5 ft/s 


(-») 2m v, = Zm Vj 

(*">>2 “ 3 - 2 9 An, 


* 15 - 13 . The man M weighs 150 lb and jumps onto the 
boat B which is originally at rest. If he has a horizontal 
component of velocity of 3 ft/s just before he enters the 
boat, determine the weight of the boat if it has a velocity 
of 2 ft/s once the man enters it. 


(“♦) V* = v 4 + V Mn 


v u = 3 ft/s 


A 


M 


(-+) Zm(v t ) = Zm(v 2 ) 

W, = 75 lb Ans 






* 15 - 44 . A boy A having a weight of 80 lb and a girl B 
having a weight of 65 lb stand motionless at the ends of 
the toboggan, which has a weight of 20 lb. If A walks to 
B and stops, and both walk back together to the original 
position of A, determine the final position of the toboggan A 50 B ’ 
just after the motion stops. Neglect friction. 

(-*) £mv, = Imv 2 



0 = m A v A - (m, + m,)v, 

0 - it A s A - (m,+ 

Assume B moves x to the left lien A moves (4-x) to the right 
0 = m A ( 4-i) - (m, + m A )x 


m A + m. 


80+65 + 20 


A and ft go to other end. 
(-+) £mv, = Imv 2 


0 = -m t v - m A v + m,v, 


0 = -m t s - m A s + m,s, 


Assume die toboggan moves r* to the right, then A and B move (4-i0 to the left 
0 = -m i (4-i') ~m A (4 -jO + »>»*' 

M.m, +m A ) 

X * -—- 

m A + m B + 

,3J13»- 

80+65+20 
Net movement of sled is 


(2») x = 3.515 - 1.939 = 1J8 ft -> Ans 




15 - 45 . The 10-lb projectile is fired from ground level 

with an initial velocity of v A = 80 ft/s in the direction 

shown. When it reaches its highest point B it explodes 

into two 5-lb fragments. If one fragment travels vertically 

upward at 12 ft/s, determine the distance between the * 

fragments after they strike the ground. Neglect the size = (Vo) ’ 

of the gun. = soct* 


v, = 80 cos 60° = 40 It/s 



<+T) vj = (v„)J + 2 ac(.s,-(s 0 ) } ) 

0 = (80sin60 ,, ) J +2(-32.2)(A-0) 


h = 74.53 ft 


(—>) Xmv, - £mv 2 


—(SOcos 60 ") =—(„), 


(v F ) x = 80 ft/s 


(+ T) LmVj = Zmv 2 


o = ~(v,), + rkl2) 


(v,), = -12 ft/s = 12 it/s 4. 
(+A) s, = (j„), + (v 0 ),f + ^r 2 


74.53 = 0 + 12/ + i(32.2)/ z 


(-►) R = 80(1.81) = 145 ft 


80 M 


15-46. Two boxes A and B, each having a weight of 
160 lb, sit on the 500-lb conveyor which is free to roll on 
the ground. If the belt starts from rest and begins to run 
with a speed of 3 ft/s, determine the final speed of the 
conveyor if (a) the boxes are not stacked and A falls off 
then B falls off, and (b) A is stacked on top of B and both 
fall off together. 



Lei i/ ? he mo velocity of A and B. 


i = Zmv2 


»-(SK ©K> 


b =v c +v bu 


v b = -v c + 3 

Thus, v b = 1.83 ft/s -> v c = X. 17 ft/s «— 

When a box falls off, it exerts no impulse on the conveyor, and so does not alte r 
the momentum of the conveyor. Thus, 

a) v c = 1.17 ft/s ♦- Ans 


b) v t = 1.17 ft/s «- 







15-47. The 10-kg block is held at rest on the smooth 
inclined plane by the stop block at A. If the 10-g bullet is 
traveling at 300 m/s when it becomes embedded in the 
10-kg block, determine the distance the block will slide 
up along the plane before momentarily stopping. 


Conservation of Linear Momentum : If we consider the block and the bullet 
as a system, then from the FBD, the impulsive force Z 7 caused by the impact is 
internal to the system. Therefore, it will cancel out. Also, the weight of the bullet 
and the block are nonimpulsive forces. As the result, linear momentum is 
conserved along the x' axis. 


m 4 < u i) r - =(m b +m B )v x 
(+ ) 0.01(300cos 30°) = (0.01 +10) u 

u = 0.2595 m/s 

C onservation of Energy : The datum is set at the block's initial position. When 
the block and the embedded bullet is at their highest point, they are h above the 
datum. Their gravitational potential energy is (10+0.01) (9.81) /r = 98.1981 A. 
Applying Eq. 14-21, we have 


t, + v, = r, + v 2 

0+I( 10 + 0.01) ( 0.2595 2 ) = 0 + 98.1981/1 
h - 0.003433 m = 3.43 mm 

d = 3.43 / sin 30° = 6.87 mm Ans 




*15-48. A tugboat T having a mass of 19 Mg is tied to 
a barge B having a mass of 75 Mg. If the rope is “elastic” 
such that it has a stiffness * = 600 kN/m, determine the 
maximum stretch in the rope during the initial towing. 
Originally both the tugboat and barge are moving in the 
same direction with speeds (t*), = 15 km/h and 

(v B ) l - 10 km/h, respectively. Neglect the resistance of 
the water. 


(v r ), = 15 km/h = 4.167 m/s 


(v*)i = 10 km/h = 2.778 m/s 



T, = j(19 000X4.167)’ + !<75 000)(Z778)’ = 454.282 Id 
= |(19 000 + 75 000X3.059)’ = 439.661 k) 


Hence, 

454.282(10’) + 0 = 439.661(10’) + i(600)(10’)x’ 


x = 0.221 m 


Ans 




15 - 49 . The 20-lb cart B is supported on rollers of 
negligible size. If a 10-lb suitcase A is thrown horizontally 
on it at 10 ft/s, determine the length of time that A slides 
relative to B, and the final velocity of A and B. The 
coefficient of kinetic friction between A and B is /u* = 0.4. 


Sysiem : 


w 

V\ - v 2 




v = 3.33 ft/s A 

For A : 


mv i +ljFdt= mv 2 

f— ' 

V32.2. 



f = 0.5176 = 0.518 s Ana 




15-50. The 20-lb cart B is supported on rollers of 
negligible size. If a 10-lb suitcase A is thrown horizontally 
on it at 10 ft/s, determine the time t and the distance B 
moves before A stops relative to B. The coefficient of 
kinetic friction between A and B is ju* = 0.4. 


System: 

= Lm 2 Vi 

v = 3.33 ft/s 

For A : 

mv i +£j><*=mvi 

» = 0.5176 = 0.518s Ans 
Forfl : 

(A) v= vo + a c t 

3.33 = 0+a c (0.5176) 
a c = 6.440 ft/s 2 
^ = i 0 +vof+^a c * J 

s = 0+0+ ^(6.440)(0.5176) 2 = 0.863 ft Ans 





15-51. The free-rolling ramp has a mass of 40 kg. A 
10-kg crate is released from rest at A and slides down 
3.5 m to point B, If the surface of the ramp is smooth, 
determine the ramp’s speed when the crate reaches B. 
Also, what is the velocity of the crate? 



Conservation of Energy : The datum is set at lowest point B. When the 
crate is at point A, it is 3.5sin 30° = 1.75 m above the datum. Its gravitational 
potential energy is 10(9.81) (1.75) = 171.675 N-m. Applying Eq.14-21. we 
have 

r 1 + v, =r 2 + i/ 2 

0+ 171.675 = i( 10) t£ + i<40) u£ 

171.675 ■ 5Vf +20tiJ 11] 

Relativ e Velocity : The velocity of the crate is given by 


v e = v r + v C /a 


= -u* i + (Vcis cos 30°i - v a „ sin 30°j) 
— (0.8660t) c/s *-Ufl)t-"0.5Uf./^J 


40(14i) hi 


The magnitude of v c is 





y w 


i>c “ V(0.8660— 1)^)“ + ( —0.5i>^) 2 

= V^cvs + v i “ 1.732Ug v aR (. 

Conservation of Linear Momentum : If we consider the crate and the 
ramp as a system, from the FBD, one realizes that the normal reaction N c 
(impulsive force) is internal to the system and will cancel each other . As the 
result, the linear momentum is conserved along the x axis. 

0 = m c (v c ) x tm R v R 

(->) 0= 10(0.8660u c/)! - u R ) +40 (-u J! ) 

0 = 8.660u c , b - 50v g [■ 

Solving Eqs. [ 1], [3] and [4) yields 



v R = 1.101 m/s = 1.10 m/s u c = 5.43 m/s Ans 

v ci/l = 6.356 m/s 


From Eq.[l] 


v c = [0.8660(6.356) - 1.101)i -0.5(6.356)j = {4.403i -3.178j> m/s 
Thus, the directional angle 0 of v c is 


i = tan" —— = 35.8° 
4.403 


i/W.filRO' 
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* 15 - 52 . The block has a mass of 50 kg and rests on the 
surface of the cart having a mass of 75 kg. If the spring 
which is attached to the cart and not the block is 
compressed 0.2 m and the system is released from rest, 
determine the speed of the block after the spring becomes 
undeformed. Neglect the mass of the cart’s wheels and 
the spring in the calculation. Also neglect friction. Take 
k = 300 N/m. 



T, + V, = + Vj 

I0+0J + i(300) ( 0.2)> = ~(50) ( v fc) 2 + i (75Xv y 
12 = SOv* + 75 v 2 
(-») Imv, = Xmv i 

0 + 0= 50 v t - 75 v c 

v» = 1.5v c 

v e = 0.253 m/s <- 

v t = 0.379 m/s -> Ans 




15-53. The block has a mass of 50 kg and rests on the 
surface of the cart having a mass of 75 kg. If the spring 
which is attached to the cart and not the block is 
compressed 0.2 m and the system is released from rest, 
determine the speed of the block with respect to the cart 
after the spring becomes undeformed. Neglect the mass 
of the wheels and the spring in the calculation. Also 
neglect friction. Take k = 300 N/m. 


t, + v, = T, + Vj 


[0+0] + ^(300)(0.2) 2 


^(50)(v*) 2 + i(75)(v c ) 2 






12 = SOvl + 75 v 2 
(A) Imv, = Xmv 2 

0 + 0 = 50 v b - 75 v c 
v k = 1-5 

v c = 0.253 m/s +— 
v b = 0.379 m/s -» 

= y e + T We 

(4) 0.379 = -0.253 + v Wc 


Sc 

_ vr. 


A ns 


15 - 54 . Blocks A and B have masses of 40 kg and (50 kg, 
respectively. They are placed on a smooth surface and the 
spring connected between them is stretched 2 m. If they 
are released from rest, determine the speeds of both 
blocks the instant the spring becomes unstretched. 


k = 180 N/m 


A. — I UU 111 til . 

. i HI 


(-*) r/BVj = &»v 2 

0 + 0 = 40 - 60 v, 

+ V, = T 2 + K a 

0 + |<ISO)(2) 2 = i(40)(v A ) 2 + |(60)(v,) 2 
v A - 3.29 m/s Ans 


-5 s3i»i 

Oawwm~) 

s=o 


v, = 2.19 m/s Ans 




15-55. An ivory ball having a mass of 200 g is released 
from rest at a height of 400 mm above a very large fixed 
metal surface. If the ball rebounds to a height of 325 mm 
above the surface, determine the coefficient of restitution 
between the ball and the surface. 


Before impact 

Coefficient of restitution: 

7| + V, = 73 + V 2 

,, .. (ru>2 — (vs): 

(+ i) e - , , . . 

0 4- 0.2(9.81) (0.4) = \ (0.2)u 2 + 0 


0 - (—2.525) 

i’i = 2.801 m/s 

2.801 - 0 

After the impact 

= 0.901 Ans 

X - (0.2)t>2 = 0 + 0.2(9.81)(0.325) 


i> 2 = 2.525 m/s 



*15-56. Block A has a mass of 3 kg and is sliding on 
a rough horizontal surface with a velocity (va) i = 2 m/s 
when it makes a direct collision with block B, which has 
a mass of 2 kg and is originally at rest. If the collision is 
perfectly elastic (e = 1), determine the velocity of each 
block just after collision and the distance between the 
blocks when they stop sliding. The coefficient of kinetic 
friction between the blocks and the plane is /it* = 0.3. 

(-*) L mt ’i = Y. mv i 

3(2) 4- 0 = 3 ( 11 , 1)2 4- 2(vb) 2 
. + . (r’s): — (va) 2 

(—*) e =- 

(V/t)l - (Vb)\ 

. (Vb)2 - («M)2 

2-0 

Solving 

( v A )i — 0.400 m/s A ns 

(fg )2 = 2.40 m/s Ans 

Block A: 

7 ) + £ t /|_ 2 = 73 
i(3)(0.400) 2 - 3(9.81)(0.3)d A = 0 
d A = 0.0272 m 
Block B: 

Ti + £ 0,-2 = T 2 
^(2)(2.40) 2 - 2(9.81)(0.3 )d B =0 
d B = 0.9786 m 

d = ds — d,\ = 0.951 m Ans 


mim* JHaiiwwifcur.iirdi 





15 - 57 . Disk A has a mass of 2 kg and is sliding forward 
on the smooth surface with a velocity (v^i = 5 m/s when 
it strikes the 4-kg disk B, which is sliding towards A at 
= 2 m/s, with direct central impact. If the coefficient 
of restitution between the disks is e = 0.4, compute the 
velocities of A and B just after collision. 


(«it)i = 5 m/s (v B ) ) = 2 m/s 


Conservation of Momentum : 


m A (u,), +m s (u B ), =m A (u,,), +m B (u a ) 2 
2(5) +4(-2) = 2( ), +4(D a ), 


&*),--5*>/s I Q)e)r*"r>{s 


Coefficient of Restitution : 


. ( V B >2 ~(» a )2 
(U A >1 -(««), 
_ (ua) 2 -(t>g ) 2 
5 -(- 2 ) 


line. <*/ /'mpoct 


Solving Eqs. [ 1} and [2] yields 


(u A ) 2 =-1.53 m/s = 1.53 m/s «- (u s ), = 1.27 m/s —> Ans 







15-58. The three balls each weigh 0.5 lb and have a 
coefficient of restitution of e = 0.85. If ball A is released 
from rest and strikes ball B and then ball B strikes ball 
C, determine the velocity of each ball after the second 
collision has occurred. Neglect the size of each ball. 



Ball A : 

Datum at lowest point 
+ M = Tx + 14 

0 + (0.5)(3) = l(|l](va)f + 0 

(Vyt)] = 13.90 ft/s 
Balls A and B : 

j Imv, = Xmv 2 


M - 


_ ( v b ) 2 ~(va h 
(va)i -(va)i 


0.85 = —i-l ll 

13.90-0 


Solving : 


(va >2 - 1-04 ft/s A ns 


(Vsh = 12.86 ft/s 


Balls B and C: 


(4) 

' Osh ~(v c ) 2 

n 8C - Ocb ~(VS)3 
12.86-0 


0*)s = 0.964 ft/s A ns 
Ocb = 11.9 ft/s Ans 


* j = Xmvj 


i/w.filsnf 
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15-59. If two disks A and B have the same mass and are 
subjected to direct central impact such that the collision 
is perfectly elastic (e = 1), prove that the kinetic energy 
before collision equals the kinetic energy after collision. 
The surface upon which they slide is smooth. 


W 


Zmv t = ZmV 2 


m A (va )i + mg (v B )i = «a (va )2 + mg (vg ) 2 
m A [(VA)l -(v A ) 2 ]= m B [(vs >2 ” ( v s )i ] 0 ) 



(vg)2 ~(Va)2 _ J 

e (va )l - ( V S )l 

(v B )j ~ (Va >2 = (Va )i - ( v s )i ( 2 ) 


Combining Eqs. (1) and (2): 

n» A [( v a )i " (va )a ][(va ), + (va ) 2 ] = m s [(v* ) 2 - (vg )t ][(vj ) 2 + (vs )i ] 
Expand and multiply by ^ : 


^m A (v A )j + ~m g (vg )5 = jm A (v A )| + -mg (vg ): 


Q.E.D. 


*15-60. Each ball has a mass m and the coefficient of 
restitution between the balls is e. If they are moving 
towards one another with a velocity v, determine their 
speeds after collision. Also, determine their common 
velocity when they reach the state of maximum 
deformation. Neglect the size of each ball. 




Emvi =Lmv2 


mv-mv = mvA +mvg 


va = -vg 

♦ (vg >2 ~(va)» _ va ~ v * 
2 ‘ (va)i-(vb)i v-(-v) 

2 ve = 2 vg 


= ve —v Ans 

va = -ve 


At maximum deformation v 8 
Imv t =Zmv 2 


mv-mv = ( 2 m) v 1 


s ve Ans 


v' =0 Ans 



15 - 61 * The man A has a weight of 175 lb and jumps from 
rest h = 8 ft onto a platform P that has a weight of 60 lb. 
The platform is mounted on a spring, which has a stiffness 
k = 200 lb/ft. Determine (a) the velocities of A and P just 
after impact and (b) the maximum compression imparted 
to the spring by the impact. Assume the coefficient of 
restitution between the man and the platform is e = 0.6, 
and the man holds himself rigid during the motion. 



r 0 + v„ = 7; + v, 


1 175 

0 + 175(8) = 2<32S>< V -1>* + 0 


v., - 22.698 ft/s 
(+ i) Zmv, = Emvj 


I'M 175 60 

—(22.698) + 0 = —(v. j) + _( V „) 


(+A) 


, _ ~ 


0.6= hlZlsL 
22.698 -0 


Solving, 

27.04 ft/s = 27.0 ft/s 


*>s 

v.j = 13.4 ft/s 
60 = 200(1,,) 


A ns 
Ans 


Tj + V 2 = T, + V } 




i(J^L)(27.04) 2 + 5<200)(0.3) 2 + 0 = 0 +i(200)(jr + 0.3) 2 - 60(i) 
2 32.2 2 2 


10Q* 2 - 681.206 = 0 
x = 2.61 ft 


Ans 








15-63. The three bails each have the same mass m. If A 
has a speed v just before a direct collision with B, 
determine the speed of C after collision. The coefficient 
of restitution between each bail is e. Neglect the size of 
each ball. 


Conservation of Momentum : When ball A strikes ball S. we have 


m A (v A ) l +m B (o s ), = m A (o 4 ), + m B (u s ), 
(—») mu + 0 = m( u, ) 2 +m(v B ), 


11] 


Coefficient of Restitution : 


(Ufl); ~t V A ) 2 


(-) 


(«a)i -(t>s)| 
(Us); -(Wt); 


u-0 


[21 


Solving Eqs.[ 1] and [2] yields 

t>( 1 -e) 


(uA = - 


(U„)j = 


tril + e) 


2 2 

Conservation of Momentum : When ball B strikes ball C, we have 


R 


m a (.V B ) 2 + m c (t> c ), =m B (u s ), +m c (u c ) 2 
"u(l + e)l 

——— +0 = m(v B ) } +m(u c ) 2 


[3] 


Coefficient of Restitution : 


(v c ) 2 ~(v B ) } 


R 


(w s ) 2 -(u c ), 

(U C ); -(Ug), 

u{ 1 + e) 


[41 


--0 


Solving Eqs.[3] and [4] yields 


(t»c>2 = 


v( 1+e) 2 


(Vg ) 3 


4 

v( 1 - e 2 ) 


Ans 


\A/\A/\A/ plcnll irinnprin r 


*15-64. If the girl throws the ball with a horizontal 
velocity of 8 ft/s, determine the distance d so that the ball 
bounces once on the smooth surface and then lands in 
the cup at C. Take e = 0.8. 



(+•!•) v = vl + 

(v *% = 0 + 2(32.2)(3) 
( y i), = 13.90 i 

(+ 1 ) * - * + v,/ + 

3 = 0+0+ ^(322)(t Ag ) 1 

*am = 0.43]67 8 


<+4) e = 

Oi), 


0.8 > lltii 

13.90 

= 11.1197 T 
v “ v o + <0 


(+4) 


11.1197 » -U.1J97+ 3 2 .2(t tc ) 
r ic = 0.6907 s 
Total time is t AC » U 224 s 
Since the x component of 

v *(Uc) 
d “ *(U224) 
d = *-9* » A ns 


momentum is conserved 



15-65. The ball is dropped from rest and falls a distance 
of 4 ft before striking the smooth plane at A. If e = 0.8, 
determine the distance d to where it again strikes the plane 
at B. 


7j + V, = 73 + V 2 


0 + 0= -(m)(v A )f-m(32.2)(4) 


(v A ), = V2(32.2)(4) = 16.05 ft/s 


\+ (va) 2 , = - (16.05) =9.63 ft/s 


/'+ (Wa)2, 




(16.05) = 10.27 ft/s 


<v A ) : = v /(9.63) 2 + (10.27) 2 = 14.08 ft/s 

e = tan " (ff) =46 - 85 ° 

<p = 46.85° - tan" 1 ^0 = 9.977° 


(-*■) -v = -Vo + V,)t 


o 



, 16.05 ft/s 


14.08 ft/s 


1 , 

(+ f) s = so + vot + 


d Q j = 0- 14.08 sin 9.977° (/) + 032.2 


;0 + 14.08 cos 9.977° (/) 


l = 0.798 s 


d = 13.8 ft 


15-66. The ball is dropped from rest and falls a distance 
of 4 ft before striking the smooth plane at A. If it rebounds 
and in t = 0.5 s again strikes the plane at B, determine 
the coefficient of restitution e between the ball and the 
plane. Also, what is the distance dl 


7i + v, = r 2 + v 2 


0 + 0= - m(32.2)(4) 


(v A ), = V2(32.2)(4) = 16.05 ft/s 



16.05 ft/s , 


+ \ (va)it' = - (16.05) = 9.63 ft/s 


+ ( v A h r = e - < 16.05) = 12.84e ft/s 


(->) .5 = s 0 + n 0 t 


z(d) = 0 + h . 42 a ( 0 . 5 ) 


(+4-) s — .so + + ~a c t- 


~(d) = 0 - ^,,(0.5) + |(32.2)(0.5)- 


[ 9 63 (l) + l2 ®4« (|)] “ I" 

0.5 - 9 . 63^0 + 12.8400 =4.025-0 


Solving, 


<• = 0.502 


d = 7.23 ft 

www.eIsolucionario.net 




15-67. The 2-kg ball is thrown at the suspended 20-kg 
block with a velocity of 4 m/s. If the coefficient of 
restitution between the ball and the block is e = 0.8, 
determine the maximum height h to which the block will 
swing before it momentarily stops. 


System : 


v, = Zm-i 


(va)j + 10(v s ) 2 =4 

Mz - (vs); 
(Hth -(v«)i 

0 8 - 

4-0 

(v« ) 2 - (va ) 2 =3.2 


Solving ; 

(va )i = -2.545 m/s 



(2)(4) + 0 = (2)(va)j +(20)(vj)j (Va)l = °- 6545m/s 


Block: 

Datum at lowest point 
r,+Vi =T 2 + H 

i(20)(0.6545) 2 + 0 = 0 + 20(9.81 )h 
h = 0.0218 m = 21.8 mm A ns 


*15-68. The 2-kg ball is thrown at the suspended 20-kg 
block with a velocity of 4 m/s. If the time of impact 
between the ball and the block is 0.005 s, determine the 
average normal force exerted on the block during this 
time. Take e = 0.8. 

System: 


Xm\ Vi = £m 2 v 2 

(2)(4) + 0 = (2)(v a ) 2 + (20)(v b ) 2 

(va )i + 10(va )i = 4 


(vg )2 — ( V A >2 

(va)i -(v«)t 
(v s h - (va)i 


(va) 2 _ ( v a )i =3.2 



(Va) 2 =-2.545 m/s 


* 0 ( 9 . 2 /)AJ 

77 


(vg ) 2 =0.6545 m/s 


mvj +Z jF = mV 2 


0 + / r (0.005) = 20(0.6545) 

F = 2618 N = 2.62 kN Ans 


MMaMiM 




15-69. A ball is thrown onto a rough floor at an angle 
d. If it rebounds at an angle d> and the coefficient of 
kinetic friction is 11 , determine the coefficient of 
restitution <?. Neglect the size of the bail. Hint: Show that 
during impact, the average impulses in the x and y 
directions are related by /, = M / y . Since the time of 
impact is the same, F x At = /j.F y At or F x = /j.F y . 


V, sin9-0 


u, sin* 

e= —=—— m 

V, sin 9 1 J 


m\) l cos6~F x &t~ mv 2 cos^ 
_ mv x cosg~mi> 2 cos# 



(+A) m(v } ) i +S , ‘F } dx = nt(v y ) 1 
mv, sing-iJAf^-mtijsin* 

_ mUjSing+mt), sin* 

- li 1 ~ ra 

Since F x =fiF r , from Eqs.[2] and (3] 

mu, cos9-mn 2 cos* /!( mo, sing+mt), sin*) 
* Ar 

«2 cos Posing 
u, dsin*+cos* * 4 ^ 

Substituting Eq. [41 into [1] yields: 

sin*/cos 6-n sin9 

sing ytsin* + cos* J An * 


15-7®. A ball is thrown onto a rough floor at an angle 
of 0 - 45°. If it rebounds at the same angle = 45°, 
determine the coefficient of kinetic friction between the 
floor and the ball. The coefficient of restitution is e = 0.6. 

Hint: Show that during impact, the average impulses in 
the x and y directions are related by l x = fxl y . Since the (+ 4) 
time of impact is the same, F x At = fxF y At or F x = nF y . 

<-) 


r - O-I-^sin*! t 

t),sin9-0 tj 

m < u x)i + C^4**m(u x ) 2 



mv, cosg-i? A/ = mv, cos* 

F wt), cos9-mv 2 cc . 

* " Af 

m (v,) l +ffr,<ix'*m( v,) t 

mv, sing-^Ar* —mt> 2 sin* 


_ mv, sing+mu , sin* 
' = — 

Sin “ F x =ftF,, from Eqs.[2] and [3] 


mU| oosg->ni; 2 cos* fi( mv, sing+mt> 2 sin*) 



cos 9-/r sing 
t>, /isln*+cos* 


Substituting Eq.[4J into [1] yields : 


f .. sin* i - cos 9-//sin9 ^ 
singly sin*+cos* J 

0.6- sin45 Y C084J °~^ ilin4y ) 

sin45° ljtsin45 0 +cos 43° J 


/1 = 0.25 


liir.innarin npt 





15*71. Plates A and B each have a mass of 4 kg and are 
restricted to move along the smooth guides. If the 
coefficient of restitution between the plates is e = 0.7, 
determine (a) the speed of both plates just after collision 
and (b) the maximum compression of the spring. Plate A 
has a velocity of 4 m/s just before striking B. Plate B is 
originally at rest and the spring is unstretched. 


Conservation of Momentum: 


m A (u A ), +m B (Uj), =m A (v /i ) 1 + m 4 ( u 4 ) 2 

C* 1 ) 4(4) + 0 = 4( )j +4( Dj), [1] 

Coefficient of Restitution : 


(-) 


f _ (U s ) 2 ~(U 4 ), 

4-0 


Solving Eqs.[l] and [2] yields 


12 ] 


(n 4 ) 2 — 0.600 m/s «— (u 4 ) 2 = 3.40 m/s <— Ans 

Conservation of Energy : When plate B stops momentary, the spring has been 
compressed to its maximum and the elastic potential energy at this instant is 

1 , , 

- (500) j = 250s . Applying Eq. 14 - 21, we have 

t;+v, =r 2 + v 2 

^(4)(3.40 2 ) +0 = 0+250s 2 
s = 0.3041 m = 304 mm 


Ans 


*15-72. The 8-lb ball is released from rest 10 ft from the 
surface of a flat plate P which weighs 6 lb. Determine the 
maximum compression in the spring if the impact is 
perfectly elastic. 

Datum at lowest point; 

7J +V\ = T 2 + \£ 

<*>i =25.377 ft/s 
(+ i) Imv j = Zmv 2 

~(2S.377H0 Sj L ( VAh+ ^_ (vph 

Ml -(Va)i 
Mi - Ml 

, _ M2 ~fa); 

25.377-0 

Solving, 

( v a)z =3.625 ft/s 
(vp >2 =29.00 ft/s 
Initially the plate is compressed 

F,=kx. 6 = (3)x, 2 in. = i ft 



Datum at final plate position r 

+ n =75 

K3l2) (29 - 00)2 4 (3>(12) (i) 2 + 6 * = 0 4 (3K12> hi) 1 

la* 2 -78.367 = 0 
*=2.087 ft 

Maximum spring compression is 

■*»“ = 2 087 + - = 2.25 ft Ans t 
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15-73. It was observed that a tennis ball when served 
horizontally 7.5 ft above the ground strikes the smooth 
ground at B 20 ft away. Determine the initial velocity v 4 
of the ball and the velocity v B (and 9) of the ball just after 
it strikes the court at B. Take e = 0.7. 


A v A 



(•-*) s - + v 0 / 

20 = 0 + v A t 

(+4.) s = i 0 + v 0 »+ -n. 1 1 

7.5 = 0 + 0 + ^(32.2) t l 
t » 0.682524 

v A = 29.303 = 29.3 ft/s A ns 

v Bli = 29.303 ft/s 
(+4) v = v„ + 

Vjyi ” 0 + 32.2(0.68252) » 21.977 ft/s 
(—>) mv, = mv 2 

Vis. - v, u - 29.303 ft/s -» 



0 7 “ 21^77’ vj » 2 * 15.384 ft/s T 

V /,2 - / (29.303)* + (15.384)J = 33.1 ft/s An* 
. _, 15.384 

• “ 29305 “ 27 ‘ 7 ' * Ans 


15-74. The tennis ball is struck with a horizontal velocity 
y A , strikes the smooth ground at B, and bounces upward 
at 6 = 30°. Determine the initial velocity v A , the final 
velocity v B , and the coefficient of restitution between the 
ball and the ground. 


v 4 



(+4) V 2 - vj + 2<(.(J-J 0 > 

(v„)5 * 0 + 2(32.2)(7.5—0) 
v,,, = 21.9773 m/s 
(+4) v - v 0 + nt 

21.9773 = 0 + 32.2 1 
t » 0.68252 s 
(2») s =• % + v 0 * 

20 “ 0 + v A (0.68252) 
v. = 29.303 = 29.3 ft/s 


Ans 


(-») mv, = mv, 

- V„*2 “ V„1 = V A 

v. = 29.303/cos30° = 33.8 ft/s Ans 


29.303 


v *,2 = 29.303tan 30° = 16.918 ft/s 


V»>2 

V *jl 


16.918 

21.9773 


0.770 


Ans 


IrSliTt) 



15-75. The ping-pong ball has a mass of 2 g. If it is struck’ 
with the velocity shown, determine how high h it rises 
above the end of the smooth table after the rebound. Take 
e = 0.8. 



(-*) S = * + V 0 f 

2.25 = o + 18cos30°/ 
t = 0.14434 s 

K), = (v,) 2 = 18cos30° = 15.5885 m/s 

(+i) v = v 0 + a c t 

(v y ), = 18sin30° + 9.81(0114434) 

(v,), = 10.4160 m/s 

(+1) * = 0.8 = -{-V*. 

10.4160 

(v,) 2 = 8.3328 m/s 

(-») s - s 0 + v 0 t 
0.75 * 0 + 15.5885f 
t - 0.048112 s 

(+ t) i s= s 0 + v„/ + 

A = 0 + 8.3328(0.048112) - i(9.81)(0.048112) 2 
h » 0.390 m An] 
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*15-76. The ball is ejected from the tube with a 
horizontal velocity of v t = 8 ft/s as shown. If the 
coefficient of restitution between the ball and the ground 
is e = 0.8, determine (a) the velocity of the ball just after 
it rebounds from the ground and (b) the maximum height 
to which the bail rises after the first bounce. 


t'l = 8 ft/s 

r.\ 


(+T) v 2 = +2a c (s-.So) 

(v,)f =0+2(-32.2)(-3-0) 

(v y ), = 13.90 ft/s i 
In y direction: 

/+ f) e Q.8= (v ^~° . 

'' (va)i -<v«)i 0 -(- 13.90 


' h\ 


H-IZ fa s 



3M 


(v,) 2 = 11.12 ft/s T 
(v x ) 2 — 8 ft/s —> 


vj = /(8) 2 +(11.12) 2 = 13.7 ft/s Ans 


0=tan-'(ii— ) = 54.3° Ans 


(+T) v^vJ+ZMs-Jo) 

0 * (U. 12) J + 2<—32.2)(A - 0) 


h = 1.92 ft Ans 


MMiFsiiM 







15-77. The cue ball A is given an initial velocity (v A )i = 
5 m/s. If it makes a direct collision with ball B(e = 0.8), 
determine the velocity of B and the angle 9 just after it 
rebounds from the cushion at C(e' = 0.6). Each ball has 
a mass of 0.4 kg. Neglect he size of each ball. 



Conservation of Momentum: When ball A strikes ball B, we have 

"'aO’/Oi +w«(va)i ="b,(i’ A b + m B (v B k 


(+) 0.4(5) + 0=0.4(t>A)2 + 0.4(tJ S ) 2 

Coefficient of Restitution: 

(vs) 2 — (tbth 


(-P-) 0.8: 


(t-’A)i — ( 1^)1 

O’sh - OuE 


5-0 

Solving Eqs. [1] and [2] yields 


m 


f21 


UuE = 0.500 m/s (t> fl E = 4.50 m/s 

Conservation of “y” Momentum: When ball B strikes the cushion at 
C, we have 


'» b ( vb ,)2 = m B (vB t h 

(+4-) 0.4(4.50 sin 30°) = 0.4(ii B ) 3 sin# 

(t’ fl ) 3 sin 6 = 2.25 Ans 

Coefficient of Restitution (x): 

(Vc )2 — (ffl, )j 
e = ————-— 

(fa.E — (t’c)t 

. + , „ , 0 — [—( 1 ) 0 ) 3 cos#] 

4.50 cos 30°-0 

Solving Eqs. [ 1 ] and [2] yields 
(t’sh = 3.24 m/s 8 = 43.9° Ans 


13] 


[4J 
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15-78. The 20-lb box slides on the surface for which 
fj. k — 0.3. The box has a velocity v = 15 ft/s when it is 
2 ft from the plate. If it strikes the smooth plate, which has 
a weight of 10 lb and is held in position by an unstretched 
spring of stiffness k = 400 lb/ft, determine the maximum 
compression imparted to the spring. Take e = 0.8 between 
the box and the plate. 



h +£^-2 = 73 
5(J^) ( 15) 2 - ( °.3 )(20) (2) 
v 2 = 13.65 ft/s 


(1) 


(v 2 y- 


20 lb 

A 

201b 


0.3(20) lb 


(-») Z " iu i = E ”' 1 ’2 


_ P'fl.b ~ O'/ib 
(va)i-(us)i 


0.8 = 


V>> - V/l 
13.65 


Solving, 


vp = 16.38 ft/s, = 5.46 ft/s 


7) + V, = T 2 + V 2 

\ ( 5 ^) (16.38) 2 +0 = 0+ ^(400)(.r) 2 
s = 0.456 ft A ns 
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15-79. The sphere of mass m falls and strikes the 
triangular block with a vertical velocity v. If the block 
rests on a smooth surface and has a mass 3m, determine 
its velocity just after the collision. The coefficient of 
restitution is e. 


Conservation of "x"' Momentum : 


( +) 


m( t)), =m(v ) 2 
m( v sin 45°) = m( V sx ), 





Coefficient of Restitution (y ') : 


_ (us>2-(ty) 2 

(v v ), -(«»), 

Ujcos 45°-[-( u, v .) ] 

e =--—=— 

v cos 45° - 0 

, •. ft 

{v „) 2 = Y (ev ~ Vt) 


Conservation of "x" Momentum : 


0 = m,(u,) I +»!,, v b 

(<- ) 0+0 = 3ml>(, - m( v sy ) 2 cos 45°-m(!>„•), cos 45° 


3u. 


Ans 




*15-80. Block A, having a mass m, is released from rest, 
falls a distance h and strikes the plate B having a mass 
2m. If the coefficient of restitution between A and B is e, 
determine the velocity of the plate just after collision.The 
spring has a stiffness k. 



Jut before impact, the velocity of A is 
T, + V, = Tt + V 2 

0 + 0 - Imvl - mgh 

v a “ /2g * 

< + i) e - &>» - Mi 

yfW 

eftyi = (v,) 2 - ( Vj4 ) 2 
(+ i) Zmv, - Xmv 2 


k 


»»(v A ) + 0 = m(v A ) 2 + 2m(v # ) 2 
Solving Eqs.(l) and (2) for (v,) 2 yields; 



15-81. Before a cranberry can make it to your dinner 
plate, it must pass a bouncing test which rates its quality. 
If cranberries having an e s 0.8 are to be accepted, 
determine the dimensions d and h for the barrier so that 
when a cranberry falls from rest at A it strikes the plate 
at B and bounces over the barrier at C. 


Conservation of Energy : The datum is set at point B. When the cranberry 
falls from a height of 3.5 ft above the datum, its initial gravitational potential 
energy is W(3.5> = 3.5W. Applying Eq. 14-21, we have 




t; + v, = Ti + v, 

\r w \ , 

<v f ), = 15.01 ft/s 


Conservation of "x"' Momentum : When the cranberry strikes the plate 
with a speed of (u c ), = 15.01 ft/s, it rebounds with a speed of (u r ),. 


m c ( ),="■.( ) 2 

n c ( 15.01)^ j = m c [(D c ), cos 0 ] 
), cos ip =9.008 


Coefficient of Restitution (y ') : 


ill 5 


<»/>> 2 -(0’ 

e =- - —- 

( ) , -(«/■) 1 

„ o _ °-(u f ) 2 sin0 

- ,a -oi(sJ-o 


Solving Eqs.(l] and [2] yields 


\ W8‘ 


<p =46.85° (u e ) 2 = 13.17 ft/s 

Kinematics : By considering the vertical motion of the cranbeny after the 
impact, we have 

(+T) u, = ( 0 ,,)^ +a„r 

0= 13.17sin9.978° + (-32.2)r r=0.07087s 


'd. - 6 - 67 ' 


vj*tL <p‘46?-85“ 


(+t) s y =(s 0 ) > +(u 0 ) y t+^(a f ) ) ,f J 

= 0+ I3.17sin 9.978° (0.07087) + i (-32.2) ( 0.07087 2 ) 
= 0.080864 ft 


By considering the horizontal motion of the cranbeny after the impact, we have 


s x =(s 0 ) x + v x t 

-d- 0+ 13.17cos 9.978° (0.07087) 
5 

d= 1.149 ft= 1.15 ft 


3 3 

k = s v + -d = 0.080864+ -(1.149) = 0.770 ft An* 
5 5 
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15-82. If disk A is sliding along the tangent to disk B 
and strikes B with a velocity v, determine the velocity of 
B after the collision and compute the loss of kinetic 
energy during the collision. Neglect friction. Disk B is 
originally at rest. The coefficient of restitution is e , and 
each disk has the same size and mass m. 


Impact: This problem involves oblique impact where (he line of impact lies 
along *' axis (line jointing the mass center of the two impact bodies). From the 

geometry 0 = sin' 1 ^ j = 30°. The x' andy' components of velocity for disk 

A just before impact are 

( U A ), = -ucos 30° = -0.8660u ( v Ay ) , = -usin 30° = -0.5 u 


Conservation of " Momentum : 

m A ( ) , + m B ( V B,. ) , = m A ( V A, ) 2 + m B ( U B, ) , 

( +) m(-0.8660u)+0 = m(u /li .), +m(vg M . ), [11 

Coefficient of Restitution (x') : 


(u B ,.) : -(Ux,.) 2 
‘ -0.86601)-0 


[2] 


Solving Eqs.[I] and [2] yields 

Ob,) 2 =~0+<’ ) 0 Ox,) 2 = 

Conservation of "y ' " Momentum : The momentum is conserved along y' 
axis for both disks A and B. 




(+T) "01 Ob,), = ">sOs > ) 2 : Oa,) 2 =° 

(+T) m A (%)t ="*/*( ) 2 1 Ox,) 2 =-°- 5u 

Thus, the magnitude the velocity for disk B just after the impact is 

(Vfl> 2 WO»,)j + Os.-) 2 


of Kinetic Energy : Kinetic energy of the system before the impact is 
1 


+e) ul + 0 = ^ (1 + e) v 


(l+e)l 


A ns 


U t = -ml) 

k 2 

itic energy of the system after the impact is 


ind directed toward negative x' axis. 

he magnitude of the velocity for disk A just after the impact is 

iv *h =/oT)I^o! 


1 


Ans 


tv = -m 


/ 1)2 , 

1 

73 

Y — (3e- -6e + 7) 

+ -m 
2 

— {1 +e)v 

4 


32 


( 6e : + 10) 


Thus, the kinetic energy loss is 




(e- 1) v + (-0.5 1 >) 2 


1 


-{^(3e'--6e + 


7) 


AU t =U k -U k ' = -mv-- — 

3 ntu- 
16 


( 6e : + 10) 

( 1-0 
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15-83. Two smooth coins A and B, each having the same 
mass, slide on a smooth surface with the motion shown. 
Determine the speed of each coin after collision if they 
move off along the dashed paths. Hint: Since the line of 
impact has not been defined, apply the conservation of 
momentum along the x and y axes, respectively. 


( V A>2 

\ 

/ 

("a) 1 = 0.5 ft/s 

. % 

^ —r? A 

S 4 

30°V"- "O 

\ - 



s'* 

\ =0.8 ft/s 

( y ah 



Zmv l = 2mv 2 

♦ 4 

<-*> -m(0.8)sin30° - m(0.5)(-) = - m( v„ ) 2 sin4S° - m(v a ) 2 cos30° 

0.8 = 0.707(v„)j + 0.866(v,) 2 

(+ T) m(0.8)cos30° - m(0.5)(-) = m(v A ) 2 cos45° - m(v„) 2 sin30° 

-0.3928 = — 0.707(v A ) 2 + 0.5(v,) 2 
Solving, 

(v, ) 2 = 0.298 ft/s Ans 

(v, ) 2 = 0.766 ft/s Ans 


15-84. Two coins A and B have the initial velocities 
shown just before they collide at point O. If they have 
weights of W A = 13.2(10“ 3 ) lb and W h = 6.60(10~ 3 ) lb 
and the surface upon which they slide is smooth, 
determine their speeds just after impact. The coefficient 
of restitution is e = 0.65. 


(A) m A (v Ax ), +m a (v a ,), = m A (v*, ) 2 +m„ (v s , ) 2 


(A) e _ Q - (v a .h - (y*,h 

(Va, )i - (Vs, )i ’ 2 sin30° - (-3 sin30°) 

Solving: 

ftt.Jj =-0.3750 ft/s 

X. 

(v*,) s = 1.250 ft/s 

(+/) m * (Oj ~ m * (*Oj 

K) 2 = 1.732 ft/s 


13.2(10-’) 

32.2 





*Lme of impact 


(V) ="Ifl(v S ,) 2 

PSr 2 >- 1, -( 4 Sr 1 M 

(v,,) 2 = 2.598 ft/s 

Thus, 

<y »>J = VU".250) J + (2,598)* = 2.88 ft/s Ans 
(vs h = /(-0.3750)*+ (1.732)* = 1.77 ft/s Ans 




15-85. Two smooth disks A and B each have a mass of 
0.5 kg. If both disks are moving with the velocities shown 
when they collide, determine their final velocities just 
after collision. The coefficient of restitution is e = 0.75. 


(-») Emv, = Smv 


°-5( 4 Kj) -0.5(6) = 0.5(v tK + 0.^)2, 

(A) e = -Sij* ~ 

< v *>, " (v„), 

0.75 = 

4(|)-(-6) 

( v s)2. = 1.35 m/s _> 

( V « )zt ~ 4.95 m/s 
(+1) mv, = mv 2 

0S(|)(4) = 0J(v,) 2 , 

( v >h, = 3.20 m/s t 


= 1.35 m/s- 


V * = V(4.95)s + (3.20)5 = 5.89 m/s 

a , 3.20 

6 ~ ““ 495 = 329 ° ^ 


15-86. Two smooth disks A and B each have a mass of 
0.5 kg. If both disks are moving with the velocities shown 
when they collide, determine the coefficient of restitution 
between the disks if after collision B travels along a line, 
30° counterclockwise from the y axis. 


O',) i = 6 m/s 


~v 

( 1 ’b) 1 = 4 m/s 


<-») 0-5(4)(-) _ 0.5«5) - -O.S( V ,) 2 , + 0.5(v a>2i 

-3.60 - -(v,)„ + (v„)j, 

<+T) 0.5(4)(|) - OJKv,),, 

(v,) 2t =* 3.20 m/s T 

(v,) 2 , » 3.20UD30“ * 1.8475 m/s «- 

( v ,)a. - -1.752 m/s » 1.752 m/s «- 

(A) * = 

(v,)i - (v,), 

—1.752-(-1.8475) 

* " —fr-Hj) = 00113 


C v *K. 1 i.2o 





15-87. Two smooth disks A and B have the initial 
velocities shown just before they collide at O. If they have 
masses m A — 8 kg and mg = 6 kg, determine their 
speeds just after impact. The coefficient of restitution is 
e = 0.5. 

+SXmv l - tmv 2 


-6(3cos 67.38°) + 8(7cos67.38*) = 6(v,),. + Stv,),. 



(v A ) y . =-7sin67.38° =-6.462 m/s 


v a = /(2.14) 2 + (2.769)2 = 3.50 ra/s Ans 


*15-88. The •‘stone” A used in the sport of curling 
slides over the ice track and strikes another “stone” B 
as shown. If each “stone” is smooth and has a weight 
of 47 lb, and the coefficient of restitution between the 
“stones” is e = 0.8, determine their speeds just after 
collision. Initially A has a velocity of 8 ft/s and B is at 
rest. Neglect friction. 


v A = /(0.220) 2 + (6.462) 2 = 6.47 m/s Ans 


ling of impact0c-axil): 


£mv, = lmv 2 




° + jj^(8)cos30° 


47 „ N 47 
32^ V ' 2 ' + 3Z2 (V ' l)l * 



8-N 


e = 0.8 = 


(y>)2,-(''i>2* 

8cos30°-0 


Solving: 

(vjj, = 0.6928 ft/s 
<v,)„ = 6.235 ft/s 
Plane of impact <y-axis): 
Slone A : 
mi 1 , = mv 3 

** 3T2 (8)Si= 

(Va)2, = 4 
Stone B: 



mvj = mv 2 

.('*) 0 = 3£j(Vl>2, 

<V»>2, « 0 

(v A )j = /(0.6928) 2 + (4) 2 = 4.06 ft/s 
(v,) 2 = /(0)2 + (6235) 2 = 6.235 = 6.24 ft/s 
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15-89. Ball A strikes ball B with an initial velocity ot 
(v^ as shown. If both balls have the same mass and the 
collision is perfectly elastic, determine the angle 9 after 
collision. Ball B is originally at rest. Neglect the size of 
each ball. 

Velocity before impact: 

(v.u)i = (u B )iCOS ip 
(VBi) 1 =0 

Velocity after impact: 

(v A ,h = (O^) 2 COS 0 , 

(Vljh =(t)fl) 2 Cose 2 

Conservation of" y " momentum : 

mg ( Vg y )i = m B (vs y ) 2 
0 = m[-(ua)2sinS 2 ] 0j=O° 

Conservation of " x " momentum : 

m A (v Al ), +m g {u s ,)i = m A (v Ax h +^a ( V B.< h 

m(xj A )i cos<J+ 0 = m(v A h cosSi +m(v g ) 2 cosO 0 

(U B )l COS0= (U B )2 C0SS|+(l>s)2 (1) 

Coefficient of Restitution (x direction) : 

(v Sx ) 2 -(u A ,) 2 . l (u a ) 2 cosO° - (Va >2 cos9 1 
e= (t>/ix)i-(« S Ji ’ (Oa), cos0-0 

(u B )i cos0= ~(v A ) 2 cosfli +(t>n h (2) 


Subtracting Eq.(l) from Eq. (2) yields: 


(u B ,)i =(Ua)i sin^i 
(o B ,)i =0 


(l> By ) 2 = )2 sinS, 

(Ub>) 2 =“(v b )2 sin8 2 



y 




15-90. Determine the angular momentum of the 2-lb 
particle A about point O. Use a Cartesian vector solution. | 


z 



2 2 

my A = —-(12)(-r=i 


2 4 

:j - — k) 


32.2 /v ^24 fiA fa 

= {0.3043i - 0.3043j - 0.6086k} slugft/s 


(HyiJo = r A xm\ A 

i j k 

= -2 5 4 

0.3043 -0.3043 -0.6086 


= {—1.831 - 0.913k} slug ft/s 


Ans 













15*97. Determine the angular momentum Ho of each of 
the two particles about point O. Use a scalar solution. 


4 +(H a )„ = -2(15) (!) (1.5) - 2(15) Q) (2) 

= —72.0 kg • m 2 /s = 72.0 kg • m 2 /s Ans 

^ +{H b )o = —1.5(10)(cos30°)(4) - 1.5(10)(sin 30°)(1) 

= -59.5 kg • m 2 /s = 59.5 kg • nr/s ^ Ans 



10 m/s Dm 


15-98. Determine the angular momentum H/> of each of 
the two particles about point P. Use a scalar solution. 


4 +(Ha)p = 2(15) (!) (2.5) - 2(15) 0) (7) 

= -66.0 kg • nr/s = 66.0 kg ■ m 2 /s i Ans 

^ +(Hb)p = — 1.5 (10) (cos 30°) (8) + 1.5(10)(sin 30°)(4) 

= —73.9 kg ■ m 2 /s = 73.9 kg • m 2 /s ^ Ans 



10 m/s 11 m 


15-99. The ball B has a mass of 10 kg and is attached 
to the end of a rod whose mass may be neglected. If the 
rod is subjected to a torque M — (3 1 2 -f 5t + 2) N • m, 
where t is in seconds, determine the speed of the ball when 
t = 2 s. The ball has a speed v = 2 m/s when t — 0. 


M 



Principle of Angular Impluse and Momentum: Applying Eq. 15-22, 
we have 

M,dt = (H.) 2 
f 2s 

I.5(10)(2)+ / (3l 2 + 5r + 2)dt = 1.5(10)i! 

Jo 


M = (3 P + 5t + 2) N-m 
X 110(98.1 )N 


v = 3.47 m/s 


.net 



*15-100. The 3-lb ball located at A is released from rest 
and travels down the curved path. If the bail exerts a 
normal force of 5 lb on the path when it reaches point B, 
determine the angular momentum of the ball about the 
center of curvature, point O. Hint: Neglect the size of the 
ball.The radius of curvature at point B must be determined. 

Datum at B : 

71+m =r 2 + w 


0+3(10) = ^^)(v s ) ; +0 


w s =25.38 ft/s 


( 3 \( (25.38) 2 't 
(+T )Z.F„=ma„; 5-3 -( 32 . 2 A p ) 


p = 30 ft 


= 30^-1-j(25.38) = 70.9 slug- ft?/s Ans 



15-10L The small cylinder C has a mass of 10 kg and is 
attached to the end of a rod whose mass may be neglected. 
If the frame is subjected to a couple M = (8f 2 + 5) N • m, 
where t is in seconds, and the cylinder is subjected to a force 
of 60 N, which is always directed as shown, determine the 
speed of the cylinder when t = 2 s. The cylinder has a speed 
v 0 = 2 m/s when t = 0. 


W') l +z/j^dr = 


(10>(2)<0.7S) + 60(2X“X0.75) + i\&‘* + = 10K0.7S) ^ ^ 


0.75 m _ k | 

> Af = (Sr 2 + 5) N • m 


69 + (-r 5 + 5<]J = 7.5v 


v ® 13.4 m/s 


15-102. The four 5-Ib spheres are rigidly attached to the 
crossbar frame having a negligible weight. If a couple 
moment M = (0.5/ + 0.8) lb-ft, where t is in seconds, is 
applied as shown, determine the speed of each of the 
spheres in 4 seconds starting from rest. Neglect the size 
of the spheres. 

(H c ), + -z\m. dt = (H .) 2 


0+ J* 10.5/*0.8) dl-4 -f j(0.6v2 )J 



7.2 = 0.37267 v*. 


vj = 19.3 ft/s Ans 


15-103. An earth satellite of mass 700 kg is launched 
into a free-flight trajectory about the earth with an initial 
speed of v A = 10 km/s when the distance from the center 
of the earth is r A = 15 Mm. If the launch angle at this 
position is <t> A = 70°, determine the speed v B of the 
satellite and its closest distance r B from the center of the 
earth. The earth has a mass M e = 5.976(10 24 ) kg. Hint: 
Under these conditions, the satellite is subjected only to 
the earth’s gravitational force, F = GM e mJr , Eq. 13-1. 
For part of the solution, use the conservation of energy 
(see Prob. 14-97). 



(H 0 ) i = (Hoh 
m, (v„ sLnpA )r A = m, (v s )r B 
7oo[io(io 3 )sin7o°](i5)(to <i ) = ioomm 
T a + \J = Tb + % 


1 , GM,m, _ 1_ ,2 _ GM,m, 

- 2 m,M - - 77 - 


^(700)[ 10(10 3 )] 2 


_ 66.73(10-‘ 2 )(5.976)(10 2< )(700) _ I (700)(vs) 2 
[15(10*)] 2 


66.73(10- l2 )(5.976)(10 24 )(700) {2) 

r B 


Solving, 

vg = 10.2 km/s 


r a = 13.8 Mm 


lsolucionario.net 




*15-104. The ball B has a weight of 5 lb and is originally 
rotating in a circle. As shown, the cord AB has a length 
of 3 ft and passes through the hole A, which is 2 ft above 
the plane of motion. If 1.5 ft of cord is pulled through the 
hole, determine the speed of the ball when it moves in a 
circular path at C. 

Equation of Motion ; When the ball is travelling around the first circular 
path, e = sin"'^ =41.81° and r, = 3cos 41.81° = 2.236. Applying Eq. 13 - 8, 
we have 


ZF b = 0; r,(= -5 = 0 r, =7.50 lb 


5 


32.2 

,2.236 


7 .5°cos 41.81° = 

o, =8.972 ft/s 

When the ball is traveling around the second circular path. r 2 = 1.5cos 0. 
Applying Eq.13 - 8 , we have 


o 

II 

w 

T 2 sin 0 —5 = 0 

ID 

ZF n = mq,; 

5 ( u? \ 
r 2 cos 0 - 32.21,1.5cos 0 J 

[2] 


Conservation of Angular Momentum : Since no force acts on the ball 
along the tangent of the circular path, the angular momentum is conserved about 
z axis. Applying Eq. 15-23, we have 

(Hq), =(Ho ) 2 
r, mu, = r 2 ml) 2 

2 - 236 ( A) (8,972) = L5cos HAA t31 

Solving Eqs.(l], [2] and [3] yields 

0 = 13.8768° T 2 = 20.85 lb 

o 2 = 13.8 ft/s Ans 





15-105. A 4-lb ball B is traveling around in a circle of radius 
r x = 3 ft with a speed (v g ) l = 6 ft/s. If the attached cord 
is pulled down through the hole with a constant speed 
v r = 2 ft/s, determine the ball’s speed at the instant 
/*2 — 2 ft. How much work has to be done to pull down the 
cord? Neglect friction and the size of the ball. 

» , = H t 

3Z2 (6)(3) = 3Z2 V,<2) 
v # = 9 ft/s 


*-3 = = 9.22 ft/s am 

t; + it/,.* = Tl 

2 ( H2 K ® 2 + 

a/.-, = 3.04ft.lb 


.414- 

r 



15-106. A 4-lb ball fi is traveling around in a circle of 
radius n = 3 ft with a speed 0 5 )[ = 6 ft/s. If the 
attached cord is pulled down through the hole with a 
constant speed v r = 2 ft/s, determine how much time is 
required for the ball to reach a speed of 12 ft/s. How far 
r 2 is the ball from the hole when this occurs? Neglect 
friction and the size of the ball. 



v = V( v ») 2 + 


12 » V ( v .) 2 + ( 2) 1 

v, = 11.832 ll/s 


3l2 (6) < 3) = Slz 01 - 832 )^ 
r, = 1.5213 = 1 32 ft 
Ar = 

(3-1.5213) - 2/ 


15-107. An amusement park ride consists of a car which 
is attached to the cable OA.The car rotates in a horizontal 
circular path and is brought to a speed Vj = 4 ft/s when 
r = 12 ft. The cable is then pulled in at the constant rate 
of 0.5 ft/s. Determine the speed of the car in 3 s. 


Conservation of Angular Momentum : Cable OA is shorten by Ar= 0.5(3) 
= 1.50 ft in 3 s. Thus, at this instant^ = 12-1.50 = 10.5 ft Since no force 
acts on the car along the tangent of the moving path, the angular momentum ts 
conserved about point O. Applying Eq. 15 - 23, we have 

(Ho), =(H 0 ), 
r, ml/! = r 2 mv' 

I2(m)(4) at 10.5(m)v' 
v' = 4.571 ft/s 



The speed of car after 3 s is 


o, = v/0.5 2 + 4.571 2 = 4.60 ft/s 





*15-108. A child having a mass of 50 kg holds her legs 
up as shown as she swings downward from rest at 9 t = 30°. 
Her center of mass is located at point G : . When she is at 
the bottom position 6 = 0°, she suddenly lets her legs come 
down, shifting her center of mass to position G 2 ■ Determine 
her speed in the upswing due to this sudden movement 
and the angle 0 2 to which she swings before momentarily 
coming to rest. Treat the child’s body as a particle. 


Hm before 6 = 0°; 


r, + v, = t 2 + h 


0 + 2.80( 1 - cos30°)(50)(9.81) = ^(SOKv,) 1 + 0 
v, = 2.713 m/s 





50(2.713)(2.80) = 30(v 2 )(3) 
v 2 * 2.532 = 253 m/s A ns 


Just after 0 = 0°; 


T* + V, = T, + V, 


-(50X2J32) 2 + 0 = 0 + 50(9.81)(3Xl-cosej) 


0.1089 = 1-cosO, 


0 2 » 27.0° A as 


15-109. The 800-lb roller-coaster car starts from rest on 
the track having the shape of a cylindrical helix. If the 
helix descends 8 ft for every one revolution, determine 
the speed of the car in t = 4 s. Also, how far has the car 
descended in this time? Neglect friction and the size of 
the car. 



*“*“" < 2 ^> = 9 - 043 ° 

ZF, « 0; At—800cos 9.043° = 0 
At = 790.1 lb 


+ jMdt = H 2 


0 + J 4 8(790.1sin9.043“)rft = |^|(8)v, 


v, = 20.0 ft/s 


v = - ——— = 20.2 ft/s Ana 

cos9.043 


T, + Sl/,_ 2 = r 2 

1 800 a 

0 + 800A = 2 ( 3l2 )<2a2> 


h = 6.36 ft 




wsirt.o'B* v m 












15-110. A small block having a mass of 0.1 kg is given 
a horizontal velocity of V\ = 0.4 m/s when r ( = 500 mm. 
It slides along the smooth conical surface. Determine the 
distance h it must descend for it to reach a speed of 
v 2 = 2 m/s. Also, what is the angle of descent 0, that is, 
the angle measured from the horizontal to the tangent of 
the path? 


r, = 500 mm 


I). =0.4 m/s 



r, + v, = r 2 + v. 


i(0.1)(0.4) J + 0.1(9.81)(A) = |<0.1)(2) 2 


A = 0.1957 m = 196 ram 


From similar triangles 


(0.8660- 0.1957) 

r * * - 08660 (0 ' 5) = °- 3870m 


(S 0 ), = (H„) 2 

0J(0.1)(0.4) = 0.3870(0.1)(v 2 ') 


v,' »= 0.5168 m/s 
v s cosS = v 2 ' 


2cosfl = 0.5168 


o. tsr7^ 

O.tUOSK 



15-111. The 150-lb fireman is holding a hose which has 
a nozzle diameter of 1 in. and hose diameter of 2 in. If the 
velocity of the water at discharge is 60 ft/s, determine the 
resultant normal and frictional force acting on the man’s 
feet at the ground. Neglect the weight of the hose and the 
water within it. y,„ = 62.4 lb/ft 3 . 

Originally, the water flow is horizontal. The fireman alters the direction 
of flow to 40° from the horizontal. 

/ m 2 ' 

IT = pVaA * = JU (60) Jnf = 06342 slug/s 


v = 60 ft/s 


Also, the velocity of the water through the hose is 



P v *4t =P v s4s 


■($)-«». 


v* = 15 ft/s 


«- * — «v a ), - (v A ),) 


F, = 0.6342[60cos40°- 15] 


Ft ■ 19.6 lb Ans 


+ T XF, = ~((V l )y-(V A ) y ) 
at 



Nf- 150 = 0.63421" 60sin40° -0l 

ofr* 17-4 }]> 



*15-112. A jet of water having a cross-sectional area of 
4 in 2 strikes the fixed blade with a speed of 25 ft/s. 
Determine the horizontal and vertical components of 
force which the blade exerts on the water. 
= 62.4 lb/ft 3 . 



QmAv m (j^)(25) = 0.6944 ft 5 /* 

— = pQ = f1^1(0.6944) = 1.3458 slug/a 
dt v.32.2/ 

v Am = 25 tUi v A> = 0 

v,, --25cos50° ft/a = 25ata50“ ft/a 


= =£(v„-v„,); -F, =1.3458(-25coa50»-25) 

at 

F, = 55.3 lb An» 


+ tSF,=^(v Jly -v /l ,); F y = 1. 


3458(25 ainSO'-O) 


15-113. Water is flowing from the 150-mm-diameter fire 
hydrant with a velocity v B = 15 m/s. Determine the 
horizontal and vertical components of force and the 
moment developed at the base joint A, if the static 
(gauge) pressure at A is 50 kPa. The diameter of the fire 
hydrant at A is 200 mm. p w = l Mg/m 3 . 


i’B= 15 m/s 




500 mm 



I - I»aAb = 1000(15)<»)(0.075) 3 


265.07 kg/a 


v „ (—)— „ 265.07 

V * “ ( dt ’pA t = 1000(/t)(0.1) 2 


v* ■ 8.4375 m/s 


♦ __ dm, 

A*) 


A, » 265.07(15 - 0) = 3.98 kN Ans 


♦ aw 

+t£,? = '* (v * 2_v ^ ) 

-A, + 50(10 3 )(/r)(0.1) 2 = 265.07(0- 8.4375) 
A, - 3.81 kN Ans 


^ +2 “®Ci “ dt^* ,V * ~ < * A * V *^ 


Tt\ 


U - 265.07(0.5(15) -0) 


U » 1.99 kN m 







15-114. The blade divides the jet of water having a 
diameter of 3 in. If one-fourth of the water flows 
downward while the other three-fourths flows upwards, 
and the total flow is Q — 0.5 ft 3 /s, determine the 
horizontal and vertical components of force exerted on 
the blade by the jet, y w = 62.4 lb/ft 3 . 


Equations of Steady Flow : Here, the flow rate Q = 0.5 fr/s.Then. v = - 

A 

0.5 dm 62 4 

= 777T: = !01 9 ft/s. Also, _ = p w e = 3^<0.5> = 0.9689 slug/s. 

4 V 12 / 

Applying Hq. 15 — 26, we have 




-F x =0-0.9689(10.19) F x = 9.87 lb 




3 i 

F v = - (0.9689H 10.19) -t- - {0.9689> (-10.19) 

4 4 

F = 4.93 lb 


3 in. iI 

i M 


V a IO’W ft Is 




lo-mt/s 


i b/o-yjtfs 


15-115. The fan draws air through a vent with a speed 
of 12 ft/s. If the cross-sectional area of the vent is 2 ft 2 , 
determine the horizontal thrust on the blade. The specific 
weight of the air is y a = 0.076 lb/ft 3 . 



0.05665 slug/s 


dm, 

£F= -j(v» - v,) 

T = 0.05665(12 - 0) = 0.6801b 




*15-116. The buckets on the Pelton wheel are subjected 
to a 2-in-diameter jet of water, which has a velocity of 
150 ft/s. If each bucket is traveling at 95 ft/s when the 
water strikes it, determine the power developed by the 
wheel. y w = 62.4 lb/ft 3 . 





150 ft/s 


v. = 150- 95 = 5511/s 


(-►)<*'» )„ = -55 cos20“ + 95 = 43.317 ft/s -» 


t-ZF, = 

F. = (g|)(n)(4)»(55)(-43.317-(-55)) 


F, m 27.1667 lb 

P = 27.1667(95) = 2580.835 ft lb/s 




P = 4.69 hp 








15-117. The static pressure of water at C is 40 lb/in 2 , if 
water flows out of the pipe at A and B with velocities 
v A = 12 ft/s and v B = 25 ft/s, determine the horizontal 
and vertical components of force exerted on the elbow at 
C necessary to hold the pipe assembly in equilibrium. 
Neglect the weight of water within the pipe and the 
weight of the pipe. The pipe has a diameter of 0.75 in. at 
C, and at A and B the diameter is 0.5 in. y w = 62.4 lb/ff\ 



dm A 62.4 (0.25 \ 2 

= 3i2 <l2)(,r, (-irJ - 003171 slu ® /s 

^ = |i(25)(,)(2f ) 2 = 0.06606 slug/s 

= 0.03171+ 0.06606 = 0.09777 slug/s 
VcAc = V a Aa + VgAg 

■<#)’* ““-fir)’ 

Vc - 16.44 ft/s 


\ x- C u " l B urn A 

-*** = ~r VB - + ~r v *- 


dm c 

dt 


v c. 


40(*)(0.375) J -F, = 0 - 0.03171(12)0 
F x =19.5 lb Ans 


xtyr _ , dm A dmc 

+ T2F, . —v s , + —v A , - — v c , 


T, = 0.06606(25) + 0.031710(12) -0 
F, - 1.9559 = 1.96 lb Ans 


0.09777(16.44) 



15-118. The 200-kg boat is powered by the fan which 
develops a slipstream having a diameter of 0.75 m. If the 
fan ejects air with a speed of 14 m/s, measured relative 
to the boat, determine the initial acceleration of the boat 
if it is initially at rest. Assume that air has a constant 
density of t> a = 1.22 kg/m 3 and that the entering air is 
essentially at rest. Neglect the drag resistance of the 
water. 


Equations of Steady Flow : Initially, the boat is at rest hence v B v ai 
= 14 m/s. Tien, Q = u S A = (0.750 = 6.185 m 5 /s and ^ = P.Q 

= 1.22(6.185) = 7.546 kg/s. Applying Eq. 15 - 26, we have 

~F= 7 .546 (-14-0) F=105.64N 

Equation of Motion : 

* 105.64 = 200 a a = 0.528 m/s 2 Ans 


0.75 m 




£ 

- 



UtrO 

* 





K F 


l~-/05'64~ d 

•Mil? 


a. 


rrrr m^ 


-> : 


Ans 



15-119. A power lawn mower hovers very close over the 
ground.This is done by drawing air in at a speed of 6 m/s 
through an intake unit A, which has a cross-sectional area 
of A a = 0.25 m 2 , and then discharging it at the ground, 
B, where the cross-sectional area is A B = 0.35 m 2 . If air 
at A is subjected only to atmospheric pressure, determine 
the air pressure which the lawn mower exerts on the 
ground when the weight of the mower is freely supported 
and no load is placed on the handle. The mower has a 
mass of 15 kg with center of mass at C. Assume that air 
has a constant density of p a = 1.22 kg/m 3 . 



-JJ ” P*a*a = l-22(0.25)(6) = 1.83 kg/s 

+ t “5 - $«v#>, - <*„>,) 

A0.35) - 15(9.81) = 1.83(0-(-6)) 


p = 452 Pa 


tS’C9j0n3 


tf(o.Zf). 


*15-120. The elbow for a 5-in-diameter buried pipe is 
subjected to a static pressure of 10 lb/in 2 . The speed of 
the water passing through it is v = 8 ft/s. Assuming the 
pipe connection at A and B do not offer any vertical force 
resistance on the elbow, determine the resultant vertical 
force F that the soil must then exert on the elbow in order 
to hold it in equilibrium. Neglect the weight of the elbow 
and the water within it. y w = 62.4 lb/ft 3 . 



\\> 


Equations of Steady Flow : Here. Q = vA =8 j = 1.0911't’/s. 

_ dm 62.4 

Then, the mass flow rate is — = p w Q = -(1.091) = 2.114 slun/s. 

at 32.2 

Also, the force induced by the water pressure at A is F-pA = lo£j( 5 2 ) j 
= 62. 5k lb. Applying Eq. 15 — 26, we have 




-/ r +2(62.5trcos 45°) = 2.114(-8sin 45°-8sm 45°) 

F= 302 lb f 

ZF x = ^ ( v, t - ) ; 

62.5/rsin45°-62.5^sin 45° = 2.114[-8cos 45°-(-8cos 45°)) 

0 = 0 (Check!) 


y f 


-7 


Vt'SHh 


' 45’j 

Fh-bzsirih 




ft & 


15-121. The car is used to scoop up water that is lying 
in a trough at the tracks. Determine the force needed to 
pull the car forward at constant velocity v for each of the 
three cases. The scoop has a cross-sectional area A and 
the density of water is p,„. 



The system consists of the car and the scoop. In all cases 


05 " ~ VD ”~di 


F- 0 - v(p)(A)v 



F = pA 



















15 - 122 . A plow located on the front of a locomotive 
scoops up snow at the rate of 10 ft 3 /s and stores it in the 
train. If the locomotive is traveling at a constant speed of 
12 ft/s, determine the resistance to motion caused by the 
shoveling. The specific weight of snow is y, = 6 lb/ft 3 . 


re dv 
ZF S = m— +v D/ , 

dt 


dmi 
dt 


F = 


0 + ( 12 - 0 ) 



F = 22.4 lb Ans 


15 - 123 . The boat has a mass of 180 kg and is traveling 
forward on a river with a constant velocity of 70 km/h, 
measured relative to the river. The river is flowing in the 
opposite direction at 5 km/h. If a tube is placed in the 
water, as shown, and it collects 40 kg of water in the boat 
in 80 s, determine the horizontal thrust T on the tube that 
is required to overcome the resistance to the water 
collection. p w = 1 Mg/m 3 . 


dm 

~dt 


40 

- = 0.5 kg/s 



19.444 m/s 


rr _ dv dm i 

T.F, - m —- + v 0/l —— 

dt dt 


T = 0 + 19.444(0.5) = 9.72 N Ans 


Tflf—'-—- 

* 15 - 124 . The second stage of the two-stage rocket 
weighs, 2000 lb (empty) and is launched from the first 
! stage with a velocity of 3000 mi/h. The fuel in the second 
stage weighs 1000 lb. If it is consumed at the rate of 
50 lb/s and ejected with a relative velocity of 8000 ft/s, 
determine the acceleration of the second stage just after 
the engine is fired. What is the rocket’s acceleration just 
before all the fuel is consumed? Neglect the effect of 
gravitation. 

Initially, 


_ _ dv ,. 

If. ■ 


0=— a -80001 
32.2 


a= 133 ft/s 2 
Finally, 


( dm, 

l dt 
1.32.2/ 


Ans 


0 = ~^a-8000i 
32.2 


132.2/ 


a = 200 ft/s 2 


Ans 








15-125. The missile weighs 40 000 lb. The constant thrust 
provided by the turbojet engine is T = 15 000 lb. 
Additional thrust is provided by two rocket boosters B. 
The propellant in each booster is burned at a constant 
rate of 150 Ib/s, with a relative exhaust velocity of 
3000 ft/s. If the mass of the propellant lost by the turbojet 
engine can be neglected, determine the velocity of the 
missile after the 4-s burn time of the boosters. The initial 
velocity of the missile is 300 mi/h. 


* dv dm, 

-* IF, = m— - Vo/, i^- 

At a time t , m — mo — ct, where 

T = (mo - ct)—•-Vouc 


f u , 

7T+CUD,,') 

4v= 

Jt* J 

oV mo - ct J 


dm, 

~dT 


(T+cvoi.X 

nf m ° Y 

l c J 1 

Vm 0 - ct J 


O) 



u 40 000 . _ „ / i c a \ 

Here, mo - = 1242.24 slug, c = 2f_—J = 9.3168 slug/s, v D „ = 3000 ft/s. 


, . 300(5280) 

' =4S ^ = - 3600 “ = 44Oft/S - 
Substitute the numerical values into Eq.(l): 


tW 


1 15 000 + 9,3168( 3000) 
^ 9.3168 


U -_1+440 

) V1242.24 — 9.3168(4) 


: = 580 ft/s 


A ns 


15-126. The earthmover initially carries 10 m 3 of sand 
having a density of 1520 kg/m 3 . The sand is unloaded 
horizontally through a 2.5-m 2 dumping port P at a rate S 
of 900 kg/s measured relative to the port. Determine the ; 
resultant tractive force F at its front wheels if the 
acceleration of the earthmover is 0.1 m/s 2 when half the 
sand is dumped. When empty, the earthmover has a mass 
of 30 Mg. Neglect any resistance to forward motion and 
the mass of the wheels. The rear wheels are free to roll. 




When half the sand remains. 


m = 30000 + i( 10)(1520) = 37 600 k* 


— *= 900 kg/s = pv A 

900 = 1520(v)(2J) 
v =■ 0.237 m/s 


a = 


dv 

a 


= 0 


t~ZF, 


dv 

m dt 



F * 37 000(0.1) - 900(0.237) 
F* 3.49 kN Ana 


15-12Z The 10-Mg helicopter carries a bucket containing 
500 kg of water, which is used to fight fires. If it hovers 
over the land in a fixed position and then releases 50 kg/s 
of water at 10 m/s, measured relative to the helicopter, 
determine the initial upward acceleration the helicopter 
experiences as the water is being released. 


+ Tzf, 


dv 


dm, 

dt 


IniuaJly, the bucket is full of water, hence m = 10(10 3 )+0.5(10 3 ) = 10.5( 10 3 ) kg 
0= 10.5(10 3 )a-(10)(50) 



a w 0.0476 m/s 2 


Ans 










Ans 





15-129. The rocket has an initial mass m 0 , including the 
fuel. For practical reasons desired for the crew, it is 
required that it maintain a constant upward acceleration 
a 0 . If the fuel is expelled from the rocket at a relative 
speed v e/r determine the rate at which the fuel should be 
consumed to maintain the motion. Neglect air resistance, 
and assume that the gravitational acceleration is constant. 



dv 

* - * 


.. __ dv dm. 

+ tZF ‘ = m ~di ~ VD, 'Hr 


-mg = mao - v,„ 


dm 

dt 


dm 

v*,— = (<fc+g)«* 
nt 


to 


Since v, lr is constant, integrating, with r<= 0 when m = m 0 yield* 


‘ , .„ln(—) = (<% + «)/ 

m o 


_ _ gl («.»«)/- 

The time rate of fuel consumption is determined from Eq.(l). 

_ 

— = A „ s 

at v„ r 


Note : v r/r must be considered a negative quantity. 


15-130. The 12-Mg jet airplane has a constant speed of 
950 km/h when it is flying along a horizontal straight line. 
Air enters the intake scoops 5 at the rate of 50 mVs. If 
the engine burns fuel at the rate of 0.4 kg/s and the gas 
(air and fuel) is exhausted relative to the plane with a 
speed of 450 m/s, determine the resultant drag force 
exerted on the plane by air resistance. Assume that air 
has a constant density of 1.22 kg/m 3 . Hint: Since mass 
both enters and exits the plane, Eqs. 15-29 and 15-30 
must be combined to yield 


vc dv 

z,F, = m —— v 

1 dt 


dm e 
’ D/ ‘ dt 


+ V D/i 


dm t 

dt 



_ _ dv dm, dm ,, 

’ “ m 7t~ !T (Vo ' s) + ~dT (VD,i) 


V = 950 km/h = 0.2639 km/s, — = 0 

dt 


vote = 0.45 km/s 
v Dn = 0.2639 km/s 


(1) 


ant: 

= 50(1.22) = 61.0 kg/s 
—■ = 0.4+61.0 = 61.4 kg/s 

Forces T and R are incorporated into Eq. (1) as the las t two terms in the equation. 
<+-> ~Fd = 0 -(0.45X61.4) + (0.2639X61) 


iz ooo (“j.sDhJ 



F d = 11.5 kN 


Ans 




15-131. The jet is traveling at a speed of 500 mi/h, 30° 
with the horizontal. If the fuel is being spent at 3 lb/s, 
and the engine takes in air at 400 lb/s, whereas the 
exhaust gas (air and fuel) has a relative speed of 32 800 
ft/s, determine the acceleration of the plane at this 
instant. The drag resistance of the air is F D = (0.7v 2 ) lb, 
where the speed is measured in ft/s. The jet has a weight 
of 15 000 lb. Hint: See Prob. 15-130. 



dmi 
dt 

dm. 

dt 


400 
' 32.2 

403 


= 12.42 slug/s 

— 12.52 slug/s 


32.2 

v = v B „ = 500 mi/h = 733.3 ft/s 
dm 


\+*F, = m- 


dv dm, 

VB "~dT + Vd “H 



-(IS 000)Sin30° -0.7(733.3)* = -^j-— -32 800(12.52) + 733.3(12.42) 


a * 


— 

dt 


= 37.5 ft/s 2 


Am 


*15-132. The truck has a mass of 50 Mg when empty. 
When it is unloading 5 m 3 of sand at a constant rate of 
0.8 m 3 /s, the sand flows out the back at a speed of 7 m/s, 
measured relative to the truck, in the direction shown. If 
the truck is free to roll, determine its initial acceleration 
just as the load begins to empty. Neglect the mass of the 
wheels and any frictional resistance to motion. The 
density of sand is p s = 1520 kg/m 3 . 


“ , 17 '” Thm L “‘‘ «* -»»„. 

Applying Eq. 15 -29, we have 


>ZF, = 


dv 
n ~— 
dt 


dm t 

dt 


0 ~ 57.6 ( 10- ) a - (_7 C0S 4^ (] 2 j g) 
d= 0.104 m/s 2 


A ns 



15-133. The car has a mass m 0 and is used to tow the 
smooth chain having a total length / and a mass per unit 
of length m'. If the chain is originally piled up, determine 
the tractive force F that must be supplied by the rear 
wheels of the car, necessary to maintain a constant speed 
v while the chain is being drawn out. 


V 



._ dv dm, 

^U? t=m - + v DII — 


dm, m’dx 

At > time t ,m = m 0 +ct, where c * —rg « —jj- =m v. 
dv 

Here, v 0 „ = v. — » 0. 

Pm (m<, ■■ m'vt) (0) +v(jn'v) - m’v 2 


Ana 



15-134. Determine the magnitude of force F as a 
function of time, which must be applied to the end of the 
cord at A to raise the hook H with a constant speed 
v = 0.4 m/s. Initially the chain is at rest on the ground. 
Neglect the mass of the cord and the hook. The chain has 




(tv , am { 

+ TZJv = m— + vort(-J-) 


F-mgvl - 0 + v(mv) 

F - migvt+v 1 ) 

= 2[9.81(0.4)< + (0.4) J ] 
F = (7.85» + 0J20) N 


Am 





Rl-1. A sports car can accelerate at 6 tn/s 2 and decelerate 
at 8 m/s 2 . If the maximum speed it can attain is 60 m/s, 
determine the shortest time it takes to travel 900 m starting 
from rest and then stopping when s = 900 m. 


Time to accelerate to £0 m/s, 

<-+) v = v 0 + a,t 
60 = 0 + 6 1 
t = 10 s 

+ 1 2 

<->) I = Jo + V 0 t + 

s = 0 + 0 + ^(6X10*) 
s = 300 m 

Time to decelerate to a stop, 

(4) v = v 0 + / 

0 = 60 - 8f 
t — 7.5 s 

+ 1 2 

(->) s = s 0 + v 0 r + - v 

J = 0 + 60(7J) - “(8)(7.5 a ) 
s = 225 m 

Time to travel at 60 m/s, 

900 - 300 - 225 = 375 m 
(-i») s = J 0 + v 0 r 
375 = 0 + 601 
I = 6.25 s 


Total timet = 10 + 7.5 + 6.25 = 23.8 s 


Ans 





Rl-2. A 2-kg particle rests on a smooth horizontal plane 
and is acted upon by forces F x = 0 and F y = 3 N. If x = 0, 
y = 0, v x = 6 m/s, and v y = 2 m/s when t = 0, determine 
the equation y = f(x) which describes the path. 


+ TZF y =ma > ’, 

l = 2a, 

Oy * 1.5 m/s 2 

in 

^*ZF X =mOj\ 

0 = 2 a. 

II 

o 

[21 

dv, , . 











= 15f+2 


J'rfy = J'(lA+2) i <t 


y = 0.75l 2 -*-2f 




<fe , 
^=- = 6 


J^ ift "= Jo 6dt 


x-6l 


[31 


(4) 


Eliminating t from Eq.[3] and [4] yields: 
y a 0.0208X 2 + 0.3331 (Parabola) 


Rl-3. Determine the velocity of each block 2 s after the 
blocks are released from rest. Neglect the mass of the 
pulleys and cord. 



2s A + s, = i 
2v A + v g = 0 



(+ 1) mv, + zj Fdt = mv 2 

10 v 

0 + 27(2) - 10(2) - 
(+ 4) m», + zj Fdt = mv 2 

0-71(2)+50(2) =^v, 

solving, 

T = 7.14 lb 

v, = 55.2 ft/s A ns 

Thus, v A « « -27.6 Hit - 27.6 ft/a Ana 


SETilllMMiMdMhMi 




*Rl-4. To test the manufactured properties of 2-lb steel 
balls, each ball is released from rest as shown and strikes 
a 45° inclined surface. If the coefficient of restitution is 
to be e = 0.8, determine the distance s to where the ball 
must strike the horizontal plane at A. At what speed does 
the ball strike A? 



3 + v, - x, + v, 

# + »3) = jCjfjH 1 '*)} + 0 

(«,), = 13.90 ft/I A 

Conservation of momentum in *—direction 

^(13.9)1*45- = ^(v,)jita« 

(v # ) a wn* = 9.S3 (1) 

Coefficient of restitutio^ 


~<Vj) 2 co»9 - 0 

0 - (13.9)60143* 


(v # ) 2 cosfl = 7 M 
Solving Eqs.(1) and (2) 


( 2 ) 


(v,) 2 = 12.59 ft/i 


0 m 51 3*, so that XS 5 390 

In y— direction: 


(+ A) v* - vj + 2 <v(j-j s ) 


m (12J9ito6.34*) J + 2(32-2)(2-0) 

J- 

(♦A) v - » 0 + V 



1143 = 12.59fill6.34* + 32.2 1 
I - 0312 t 


In x- direction; 


(-+) (v,)a, = 12.S9coi634° = 1231 ft/i 

s - v,t 

1+2 » 1231(0312) 

i = 150 ft Am 


» x = V(1231)* + (11.43)* - 16.9 ft/» Am 


Rl-5. The 90-Ib force is required to drag the 200-lb 
block 60 ft up the rough inclined plane at constant 
velocity. If the force is removed when the block reaches 
point B, and the block is then released from rest, 
determine the block’s velocity when it slides back down 
the plane and reaches point A. 




dh 


t. 









Rl-6. The motor at C pulls in the cable with an 
acceleration a c = (3r 2 ) m/s , where t is in seconds. The 
motor at D draws in its cable at a D = 5 m/s 2 . If both 
motors start at the same instant from rest when d == 3 m, 
determine (a) the time needed for d = 0, and (b) the 
relative velocity of block A with respect to block B when 
this occurs. 


+<*A -*c) =* 

2s a ~s c = l 

2 a A -ac =0 a A = OJoc = 1.5l 2 

(-»)%» •=<?, -a. 





■ l_5» 2 -(-5) - 1.5/ 2 + 5 


(-^)i>a/*= / o ‘(l.5t 2 + 5)<fc = 0.5f 3 + 5j 
( -*) *a/m = /„' ( OJt* + St) dt 


From Eq,[l] 


3 = 0.125/* + 2.5» 2 


1 = 1.067 s = 1.07 s 


= 0.5(1.067) s + 5(1.067) -5.93 m/s- 


Rl-7. A spring having a stiffness of 5 kN/m is 
compressed 400 mm. The stored energy in the spring is 
used to drive a machine which requires 80 W of power. 
Determine how long the spring can supply energy at the 
required rate. 


U » ifcc 2 = i(5000)<0.4) 1 = 400 J 


The baggage truck A has a mass of 800 kg and 
is used to pull each of the 300-kg cars. Determine the 
tension in the couplings at B and C if the tractive force 
F on the truck is F = 480 N. What is the speed of the truck 
when t = 2 s, starting from rest? The car wheels are free 
to roll. Neglect the mass of the wheels. 



>ZF X = m a ,; 480 = [800 + 2(300)ja 


a = 0.3429 m/s' 


v = v 0 + a c t 


v = 0 + 0.3429(2) = 0.686 m/s Ans 


>ZF, = ma x \ 7, = 2(300X0.3429) 


T s = 205.71 = 206 N 


O - 1 

<7 C 


>ZF„ = ma,\ Tc * (300)(0.3429) 


T c = 102.86 = 103 N 


WWW 


ftl W«1 IIM [eXlfsl i [•] 



Rl-9. The baggage truck A has a mass of 800 kg and 
is used to pull each of the 300-kg cars. If the tractive 
force F on the truck is F = 480 N, determine the initial 
acceleration of the truck. What is the acceleration of the 
truck if the coupling at C suddenly fails? The car wheels 
are free to roll. Neglect the mass of the wheels. 



-i £ = max ; 480 = [800 + 2(300)]a 

a = 0.3429 = 0.343 m/s 2 Ans 
•i £ F x = ma x ; 480 = (800 + 300)n 

a = 0.436 m/s 2 Ans 




—►480 N 




Rl-10. Assuming that the force acting on a 2.5-g bullet, 
as it passes horizontally through the barrel of a rifle, varies 
with time in the manner shown, determine the maximum 
net force, Fo, applied to the bullet when it is fired. The 
muzzle velocity is 800 m/s when t — 0.75 m/s. Neglect 
friction between the bullet and rifle barrel. 



The impulse is determined from the area under the curve: 


mv i + 


2 / 


Fdt = mv2 


0 + -(0.75)(10" J )F„ = (0.0025X800) 


480 N 


F 0 = 5.33 kN 


Ans 












*■111-12. Packages having a mass of 2.5 kg ride on the 
surface of the conveyor belt. If the belt starts from rest 
and with constant acceleration increases to a speed erf 
0.75 m/s in 2 s, determine the maximum angle of tilt, 8, 
so that none of the packages slip on the inclined surface 
AB of the belt. The coefficient of static friction between 
the belt and each package is n s = 0.3. At what angle <f> 
do the packages first begin to slip off the surface of the 
belt if the belt is moving at a constant speed of 0.75 m/s? 


8, \+ZF y = maN p - 2.5(9.81) coa« - 0 (1) 

ce 

S+TF, = ma,: 0.3N, -2.5(9.81) sin® = 25a, (2) » 

4 > 

Kinematics: 

ie 

5? V - v 0 + act 

0.75 = 0 + <^{2) 
a, = 0.375 m/s 2 

j Combining Eqs.(l) and (2), using a,, 

! 0.3cos 8 - sin0 = 0.03S2 

! e = 14.6° Ans 

(0.75) 2 

, + ZF„ - ma,-, 2.5(9.81)cos0 - N, = 

,+Z/; « ma,: 2.5(9.81)sin^ - 0.3 N, = 0 
Combining these equations, 

N| 

COS0 - 3.33sin0 = 0.164 
0 « 14.0° 



a.5ft.8l)s 




Rl-13. A projectile, initially at the origin, moves along 
a straight-line path through a fluid medium such that its 
velocity is v = 1800( 1 - e -03 ') mm/s, where t is in 
seconds. Determine the displacement of the projectile 
during the first 3 s. 

v = — = 1800(1 —e - ® 3 ') 
f * = /' 1800(1 -e~°- 3, )dt 


s * 1800(1+ie- 03 ') -6000 
Thus, int = 3 s 


s = 1800(3 + ± e -° 3 < 3 >) —6000 


s = 1839.4 nun * 1.84 m 


Rl-14. The speed of a train during the first minute of 
its motion has been recorded as follows: 


t(s) 

0 

20 

40 

60 

v(m/s) 

0 

16 

21 

24 


Plot the v-t graph, approximating the curve as straight 
line segments between the given points. Determine the 
total distance traveled. 


s — area under curve 


|(20)(16) + (40- 20)(—j—) + (60— 40)(—~—) 









Rl-15. A train car, having a mass of 25 Mg, travels up a 
10° incline with a constant speed of 80 km/h. Determine the 
power required to overcome the force of gravity. 


v s SO km/h * 22.22 in/s 
p « f v = 2S< l<J , )(9.81)(22.22)(sin 10°) 


p = 946 IcW 




*R1-16. The slotted arm AB drives the pin C through 
the spiral groove described by the equation r = (1.50) ft, 
where 0 is in radians. If the arm starts from rest when 
0 = 60° and is driven at an angular rate of 0 = (4if) rad/s, 
where t is in seconds, determine the radial and transverse 
components of velocity and acceleration of the pin when 
t - 1 s. 


f * do = J'* tit 




0 » (2/ 2 + -*) rad 


r « 1.50 = 1.5<2t 2 + -*> 



r= 1.50 


When t = t s. 


0 = 4 r = 4.5708 


0 = 4 r = 6 


v r = j- = 6.00 ft/s A ns 

v , = re = 4.5708(4) = 18.3 ft/s Ans 

^ = r - rO = 6 — 4.5708(4) 2 = -67.1 ft/s 2 

a. = rt + 2>« = 4.5708(4) + 22(6)(4) = 66.3 ft/s 2 





Rl-17. The chain has a mass of 3 kg/m. If the coefficient 
of kinetic friction between the chain and the plane is 
M* = 0.2, determine the velocity at which the end A will 
pass point B when the chain is released from rest. 



♦NJUJ - ma,; -2(3)(9.81)co«40* + N c * 0 


N c = 45.09 N 


*S£F X = ma ,; 2(3)(9.81)sra40 < ' - 0.2(45.09) = 2(3) a 


a = 4.80 m/s 2 


' Nc 


v\ = v\ + 2aj 
vf = 0 + 2(4.80)(2) 


v 3 «> 4.38 m/s 


T, + S £/,. 2 = T 2 

0 + 2(3)(9.81)(2sin40 o ) - 0.2(4S.09)(2) - i(2)(3)(v 2 ) 
v = 4.38 m/s An* 


Rl-18. The 6-lb ball is fired from a tube by a spring 
having a stiffness A: = 20 Ib/in. Determine how far the 
spring must be compressed to fire the ball from the 
compressed position to a height of 8 ft, at which point it 
has a velocity of 6 ft/s. 


t, •* v, - 5 + v, 

0 + i(20)(12)(x J ) . i(JL K ,S)* + 8(6) 


i'= 6 ft/s 


|o- 


* - 0.654 ft - 7.85 In. 


* = 20 lb/in. I 



Rl-19. The collar of negligible size has a mass of 
0.25 kg and is attached to a spring having an unstretched 
length of 100 mm. If the collar is released from rest at A 
and travels along the smooth guide, determine its speed 
just before it strikes B. 



T. +V A =T, + V, 


0 + 


(0.25)(9.81)(0.6) + i(150)(0.6-0.1) J = ^(0.25)(v,)“ + i( 150)(0.4-0.1)* 

0.25<4.|l)iJ 


rh 

liJ 




= 10.4 m/s 


Ana 




*Rl-20. A crate has a weight of 1500 lb. If it is pulled 
along the ground at a constant speed for a distance of 
20 ft, and the towing cable makes an angle of 15° with 
the horizontal, determine the tension in the cable and the 
work done by the towing force. The coefficient of kinetic 
friction between the crate and the ground is /x* = 0.55. 


+ tU? - 0; N c — 1500 + Tdz 15° « 0 
-»I15 « 0; rcoslS° - 0.SSN c = 0 

T = 744.4 lb m 744 lb An* 
A'c = 1307.3 lb 

Ui -2 - (744.4cos 15°)(20) - 14 380.7 ft lb 
U,- 2 - 14.4ft ldp Ang 


rtW 

Y 


0.55Hc 


Kc 


Rl-21. Disk A weighs 2 lb and is sliding on a smooth 
horizontal plane with a velocity of 3 ft/s. Disk B weighs 
11 lb and is initially at rest. If after the impact A has a 
velocity of 1 ft/s directed along the positive x axis, 
determine the velocity of B after impact. How much 
kinetic energy is lost in the collision? 



Conservation of momentum for A and B in*-direction 

° + ° = 3Z2 (1) + 3Z2 (Ve)zx 
(v,) 2 , = -0.1818 ft/s 

Conservation of momentum for 4 and B in y-direction 

3Z2<3) + 0 = 0 + 32^ (> 's>27 
(v,) 2 , = 0.54545 ft/s 


Thus, 


( v b)i = /(-0.1818)2 + (0.54545)2 = 0.575 ft/s 


e=t “" ( Sj ) = 7i - 5 °^ 


An* 

An* 


X = 

‘ 2 32.2 ' 


0.280 ftlb 


1. 2 


1. 11 


5 = 2 C 312 )(I) + = a0875ft - ,b 


Ar = 2J - T, rn -0.192 ft lb 


Ans 




Rl-22. A particle is moving along a circular path of 
2-m radius such that its position as a function of time is 
given by 0 = (5 1 2 ) rad, where t is in seconds. Determine 
the magnitude of the particle’s acceleration when 
0 = 30°. The particle starts from rest when 0 = 0°. 


r* 2m $ • Sr 


a = (r - rO )u, + (rf> + 2rt))u, 

- [0-2(10/) 2 }u, + [2(10) + 0]u, 

- {-200i 2 u, + 20u e ) m/s 1 


When 6 = 30° = 30(—) = 0.524 rad 


0.524 * 5/ 2 


l « 0.324 s 


a - [-200(0.3 24) 2 }u, + 20u, 

* {-20.9u, + 20a,} mis 1 
a - /(-20.9) 2 + (20)* - 29.0 mis 1 


Rl-23. If the end of the cable at A is pulled down with a 
speed of 2 m/s, determine the speed at which block B rises. 



Two cords : 
s A + 2j c = l 

Sg + (*» - J c) = * 
Thus, v, = -2v c 


2v, = v c 



— = -0.5 m/s = 0.5 m/s t 
4 


*Rl-24. A rifle has a mass of 2.5 kg. If it is loosely 
gripped and a 1.5-g bullet is fired from it with a horizontal 
muzzle velocity of 1400 m/s, determine the recoil velocity 
of the rifle just after firing. 


Zmv, - Zmvj 


0 + o - 0.0015(1400) - 2.5 (Vj,)j 


0.840 m/s 




Rl-25. The drinking fountain is designed such that the 
nozzle is located from the edge of the basin as shown. 
Determine the maximum and minimum speed at which 
water can be ejected from the nozzle so that it does not 
splash over the sides of the basin at B and C. 


50 mm} 



Rl-26. The 20-lb block B rests on the surface of a table 
for which the coefficient of kinetic friction is fx k - 0.1. 
Determine the speed of the 10-lb block A after it has 
moved downward 2 ft from rest. Neglect the mass of the 
pulleys and cords. 


(4)*„=v,z 


R = v A Sin40°( t= - 


=(i,) o +v,»+r at t i 

-0.05 = 0+v,, cos40°r+ j-(-9.8l)z 2 [: 

Substituting Eq.[l J into [2] yields : 

-0.05 = v a cos40°( -——- )+j-(-9.81) f - 

sm40° J 1 l.v^sin40 °) 

v = / 4.905sin 40°/?* 

V “ | sin 2 40° (/? cos 40°+0.05 sin40°) 


At pointfl, R = 0.1 in. 


/ 4.905Sin40°(0.1) 2 

Va “ Ysin 2 40°(0.1cos40°+0.05sra40°) = °' 838ni/s *“ 


At pointC, R = 0.35 m. 


/ 4.905 sm40°(0.35) 2 

”* " V sin* 40°(0.35cos40°+0.05sm40") * 1-76 A “ 



+ X'LF y = ma,; -7J + 10 = 


+-LF, = -T 2 + T, - 0.1 N, 

+ T UF y = ma,; 20 = 0 


Tt 

^ 19 




+ TZ/y = ma,-, T 2 - 6= —a 
Solving Eqs.(l)-(4) for a. 


a = 1.79 ft/s 1 

(+A) v a = vj + 2<^(s-s 0 ) 

v 2 = 0 + 2(1.79)(2 —0) 


v « 2.68 ft/s 


£ T “ 








Rl-27. The 5-lb ball, attached to the cord, is struck by 
the boy. Determine the smallest speed he must impart to 
the ball so that it will swing around in a vertical circle, 
without causing the cord to become slack. 



+ i£F.=m*; 5 = sfe(#) u| - MUA* 


7] + V t = Tt + V 2 

Ksf5)’' 1+0 =Kjfe)< 128 - 8 ) +5(8 > 

v = 25.4 ft/s Ais 


*Rl-2^. The winding drum D is drawing in the cable at 
an accelerated rate of 5 m/s 2 . Determine the cable tension 
if the suspended crate has a mass of 800 kg. 



Sa + 2 sg = l 
a A = - 2 as 

5 = -2 _ ....... . ... 

a„ = -2.5 m/s 2 = 2.5 m/s 2 T 
+ T=«,; 2 T - 800(9.81) = 800(2.5) 

Ana 


r = 4924 N = 4.92 kN 








k= lOON/m 






Rl-S I, The rocket sled has • mast of 4 Mg and travels 
from rest along the smooth horizontal track such that it 
maintains a constant power output of 450 kW. Neglect the 
loss of fuel mass and air resistance, and determine how far 
it must travel to reach a speed of v = 60 m/s. 




4C / o 5 ) Wti 


—» = m a, 


P = F v 


(vdv\ 

■ ma x : F = ma = m\~£ j 


jpds = m| v 2 dv 

P f* ds -m f ^ dv 
Jo 


_ mow = 640 , 
3(450X10’) 


*Rl-32. The spool, which has a mass of 4 kg, slides along 
the rotating rod. At the instant shown, the angular rate 
of rotation of the rod is 0 = 6 rad/s and this rotation is 
increasing at 0 - 2 rad/s 2 . At this same instant, the spool 
has a velocity of 3 m/s and an acceleration of t m/s 2 , both 
measured relative to the rod and directed away from the 
center O when r - 0.5 m. Determine the radial frictional 
force and the normal force, both exerted by the rod on 
the spool at this instant. 


r = 0.5 m 


r = 3 m/s 


r = 1 m/s 2 


0 = 6 rad/s 


0 = 2 rad/s 




8 = 2 rad/s 2 


8 = 6 rad/s 



i' s = 3 m/s 
a. = 1 m/s 2 




= r- r9 = 1 — 0.5(6) 2 = - 17 


= re + 2 re = 0.5(2) + 2(3) (6) = 37 


IF r = ma,.; F r = 4(—17) = -68 N 
lF e = ma 6 ; N e = 4(37) = 148 N 
IF Z = ma z ; N z -4(9.81) = 0 


N z = 39.24 N 


F r - - 68 N Ans 

N e = /(148) 2 + (39.24)2 = 153 N 

Ans 















*Rl-36. Packages having a mass of 6 kg slide down a 
smooth chute and land horizontally with a speed of 3 m/s 
on the surface of a conveyor belt. If the coefficient of 
kinetic friction between the belt and a package is 
/j, k = 0.2, determine the time needed to bring the package 
to rest on the belt if the belt is moving in the same 
direction as the package with a speed v = 1 m/s. 



m(v,), + Z$F y dt - m(Vj), 

0 + JV,(0 - 58.86(1) = 0 


(A) m(v,), + 2«J dt = mtvj). 


6(3) - 0.2(58.86)(!) = 6(1) 


t = 1.02 s 


K 3 ) -El + 


^0.2Np«) 

HpC*) 


Rl-37. The blocks A and B weigh 10 and 30 lb, 
respectively. They are connected together by a light cord 
and ride in the frictionless grooves. Determine the speed 
of each block after block A moves 6 ft up along the plane. 
The blocks are released from rest. 



/i 5* + V 
15 


z - 5.95 ft 

r, + v, = r 2 + H 

0 + 0 = + H* 5 - 95 ) - 30 < 5 - 95) 


Vj * 13.8 ft/s 


Rl-38. The motor M pulls in its attached rope with an 
acceleration a p = 6 m/s 2 . Determine the towing force 
exerted by M on the rope iri order to move the 50-kg 
crate up the inclined plane. The coefficient of kinetic 
friction between the crate and the plane is {i k — 0.3. 
Neglect the mass of the pulleys and rope. v 



\+ ZFj « ma,; N c - 50(9.81)00830" = 0 
N c « 424.79 

A-~ ma,\ 3r- 0.3(424.79) - 50(9.81)sin30° = 50% 
Kinematics 2s c + (s c — s f ) = l 
Taking two time derivatives, yields 


3 Oc - a r 


Unit, °c = 3 = 2 
Substituting into Eq.( 1) and solving, 
r« 158 N Ans 


, S0(M1)n 



Rl-39. If a particle has an initial velocity v 0 = 12 ft/s to 
the right, and a constant acceleration of 2 ft/s 2 to the left, 
determine the particle’s displacement in 10 s. Originally 
s 0 = 0. 


(2») S m So + v 0 f + 

, «= 0 + 12(10) + |(-2)(t°) S 

s = 20.0 ft Ans 






*Rl-40. A 3-lb block, initially at rest at point A, slides 
along the smooth parabolic surface. Determine the 
normal force acting on the block when it reaches B. 
Neglect the size of the block. 



r, + v, = + v t 


0 ♦ « 4 ) = \^)v\ + 0 


Vj = 16.05 ft/s 

„ ii+tf) 2 !’' 2 n+(2x)»j’ 


Atx = 0, p = 0.5 ft 

♦ T ZF.=«*; AT-3 = 

32.2 0.5 

At = 51.0 lb Am 


[5 t 

t. 


R1-4L At a given instant the 10-lb block A is moving 
downward with a speed of 6 ft/s. Determine its speed 
2 s later. Block B has a weight of 4 lb, and the coefficient 
of kinetic friction between it and the horizontal plane is 
Wt ~ 0.2. Neglect the mass of the pulleys and cord. 


+ iZF y = "A 10-2r=^, 



<-ZF,=ma,; -T+0.2(4) = —a. 

Kinematics: 


+ s„ = l 
2% = -<% 


a* *= 10.40 ft/s 2 


% « -20.81 ft/s 2 


(+4) v,, = (v^) 0 + a A t 

v A = 6 + 10.40(2) 


4«. 

0.a(H)Jt 

411 


s» 

*—I 


v A = 26.8 ft/s 4 Am 



Rl-42. A freight train starts from rest and travels with 
a constant acceleration of 0.5 ft/s 2 . After a time r’ it 
maintains a constant speed so that when t = 160 s it has 
traveled 2000 ft. Determine the time /' and draw the v-t 
graph for the motion. 


0s t s i' 


n - 0.5 fl/s 3 


(-»)» = v 0 + 4.7 



v' = 0 + 0.5r' 


(->)* - s„ + v„/ + -4/ 


x = o + 0 + -<0.5)(O 2 


f < t < 160 s 


(-♦)» « 1„ + V 0 f + -O'! 


2000 » x + v'( 160-/0 + 0 

Solving Eqs. (l)-(3) for /' < 160 s yields 


f - 27 3 s 


v' - 13.7 ft/s 


Rl-43. The crate, having a weight of 50 lb, is hoisted by 

the pulley system and motor M. If the crate starts from 

rest and, by constant acceleration, attains a speed of 12 

ft/s after rising 10 ft, determine the power that must be 

supplied to the motor at the instant s = 10 ft. The motor ( +t > v * = v » + 

has an efficiency e = 0.74. (n)J _ 0 + w _ 0) 

I + t£F, = mo,X 2T - SO - 



T = 30.6 lb 


s c + (*c = 1 


v M = 2(12) = 24 ft/s 

p o = T v = 30.6(24) = 734.2 lb-ft/8 

d _ 734,2 = 992.1 lb'ft/s = 1.80 hp 


*Rl-44. An automobile is traveling with a constant 
speed along a horizontal circular curve that has a radius 
p = 750 ft. If the magnitude of acceleration is a = 8 ft/s 2 ,| 
determine the speed at which the automobile is traveling. 


77.4 ft/s 










Rl-45. Block B rests on a smooth surface. If the coeffi¬ 
cients of friction between A and B are fi s = 0.4 and /a* = 
0.3, determine the acceleration of each block if (a) F = 
6 lb, and (b) F = 50 lb. 


201b 



a) The maximum friction force between blocks A and B is 

F, mx = 0.4(20) = 8 lb > 6 lb 

Thus, both blocks move together. 

+ „ r £ 70 

-*■ > F x — ma 6=- a 

^ ' 32.2 

= a a = a = 2.76 ft/s 2 Ans 

b) In this case 8 lb < F = 50 lb 
Block A: 

E F x = ma S< 20(0.3) = -~<'a 

a A = 70.8 ft/s 2 Ans 

Block B: 

£ F x = ««.t; 20(0.3) = 

ns = 3.86 ft/s 2 Ans 


70 lb 


•61b 


\N b 

201b 


61b- 


• 50 lb 


t 

Na 


•«« 




61b 
50 lb 


\N k 


Rl-46. The 100-kg crate is subjected to the action of 
two forces, F\ = 800 N and Ft = 1.5 kN, as shown. If 
it is originally at rest, determine the distance it slides in 
order to attain a speed of 6 m/s. The coefficient of kinetic 
friction between the crate and the surface is jAk = 0.2. 



+ f £ F y = 0; Nc — 800sin30° — 100(9.81) + 1500sin20°=0 
N c = 867.97 N 
T t + E £/,_2 = 73 


0 + 800cos30°(.t) -0.2(867.97)0) + 1500 cos 20° (s) = -(100)(6) 2 


800 N 100(9-81) N 

> 

30° 


\ I -1-500 N 

i°\rhX2Q° 


X 


0.2 N c 


s( 1928.7) = 1800 


s = 0.933 m 


Ans 







Rl-47. A 20-kg block is originally at rest on a horizontal 
surface for which the coefficient of static friction is 
H, = 0.6 and the coefficient of kinetic friction is /u* - 0.5. 
If a horizontal force F is applied such that it varies with 
time as shown, determine the speed of the block in 10 s. 
Hint: First determine the time needed to overcome 
friction and start the block moving. 


Ibecute starts moving when 
F - F r - 0.6(196.2) = 117.72 N 


Prom the graph since 


200 

F-— t, OStSSs 


The time needed for the crate to stsrt moving is 


MUi)* ftt.SK 

r-U-, 

* —> F 



/- 255(117.72) = 2.943 s 

Hence, the impulse due to F is equal to the area under the curve from 2.943 s 5 IS 10 * 

4 mtv,), + zjp; * - mtv,). 


0 + f 5 — tdt + f 10 200<* -(0^)196.2(10- 2.943) - 20v, 
2.343 5 3 




40(x» , )| i + 200(10-5) -692292 = 20v 2 

2 lj.*« 


634.483 * 20vj 


v, « 31.7 m/s 


♦Rl-48. Two smooth billiard balls A and B have an 
equal mass ofm = 200 g. If A strikes B with a velocity 
of («/t)i = 2 m/s as shown, determine their final velocities 
just after collision. Ball B is originally at rest and the 
coefficient of restitution is e = 0.75. 


(v A ) Jli «* -2cos40° = -1.532 m/» 

(v A ) yj » -2sin40° * -1-285 m/s 

(4) m A (v A ),, + »n»(v»),, = «*(»*),, + m »( v s)«, 
-2(1.532) + 0 = 0.2^),, + 0.2(v J ) J> 


(->) « 



( v A)jt, “( v e)*. 


Solving Eqs.(l) and (2) 
( v *)j, “ -0.1915 m/s 
(v,), = -1.3405 m/s 


(+1) m A (v A ) tl = m A (v„)„ 
(v„)„ = 1285 “'s 


(+t) m,(v,)„ « "stv.),, 

“ 0 


Hence (v,) 2 » (v,),, - 1.34 m/s 


(v A ) 2 - ^(-0.1915) J + (1.285) 2 = 1.30 m/s 
(«a>2 - " %ATA 











Rl-49. If a 150-lb crate is released from rest at A, 
determine its speed after it slides 30 ft down the plane. 
The coefficient of kinetic friction between the crate and 
plane is t*k ~ 03. 

♦NEIJ 



♦NEIJ = 0; S c - 150cos30* = 0 
N c = 129.91b 

r, + = r, 

1 150 I 

0 + lS0sin30“(30) - (03)129.9(30) = -(j^) v 2 
vj - 213 ft/s Am 


tSblt 




Rl-50. Determine the tension developed in the two Bk>ckA 

cords and the acceleration of each block.Neglect the mass + azf, - ma,-. io(9Si> -t a - 10 % 

of the pulleys and cords. Hint: Since the system consists 
of two cords, relate the motion of block A to C, and of B 

block B to C.Then, by elimination, relate the motion of + t£/j - mo,; t, -4(9.si) - 

A t0 PuBejrC: 

+ t XF, - 0; T A -2T, -0 


Kinematics: 
s A + s c - l 

Taking the two Sine derivatives: 

4. - -°c 

Also, 

s c ' * (Sc - s t ) — f 
So that2ac' - % 

Since ac “ -«c. 

% - 2 a A 

Solving Eqs.(l)-(<). 
a, . 0.755 m/s 2 A 

a, - 151 m/s 3 A 

T a - 90.6 N Aj 


Ta 

qi • cp 

ttSo 

.lot 

$ - tfl 


51 m- 


Rl-51. The bottle rests at a distance of 3 ft from the 
center of the horizontal platform. If the coefficient of 
static friction between the bottle and the platform is 
fi s =* 0.3, determine the maximum speed that the bottle 
can attain before slipping. Assume the angular motion of 
the platform is slowly increasing. 






XF t = ma,: 

N t ~mg- 0 

N , = mg 

X 

XF, = «<?,; 

0.3 (mg) = 

r) 



v = /0.3gr=, 

fo.‘H‘ixz)(s) « jjg tus 

Am ^tr 







*Rl-52. Work Prob. Rl-51 assuming that the platform 
starts rotating from rest so that the speed of the bottle is 
increased at 2 ft/s 2 . 


» 



v = 5.32 ft/s Aim 








ifin 1 " h3S an initial dockwise angular velocity ' 

of 10 rad/s and a constant angular acceleration of 3 rad/s 2 
Determine he number of revolutions it must under™ to 
acquire a clockwise angular velocity of 15 rad/s What 
time is required? y rad/s ‘ What 

®* = <4 + 2 a c (e-e a ) 

■v- ■ 

(IS ) 2 - (t0) 2 + 2(3)(0-O) 


« » 20.83 rad = 20.83(^1 = 3.32 rev. Ans 

ZJT 


a - mo + a e t 


15 « 10 + 3t 


* * 1.67 s Ans 



16 * 2 . A flywheel has its angular speed increased 
uniformly from 15 rad/s to 60 rad/s. *80s. If the diameter 
of the wheel is 2 ft, determine the magnitudes of the 
normal and tangential components of acceleration of a 
point on the rim of the wheel when t = 80 s, and the total 
distance the point travels during the time period. 

® = ® 0 + a c t 
60 = 1J + « c (80) 

— 0.5625 rad/s 2 

* = ar * <WS2S)(1) = 0.562 ft/s 2 Am 

* = ®’'= (60) 2 (1) = 3600ft/ s 2 Abj 

^ - 6 0 ) 

(60) 2 = (15) 2 + 2(0.5625)(fl- 0 ) 

0 = 3000 rad 

* * 3000(1) » 3000ft 


"V: "S" 

srsr sr, «—■ - ^ 

® = C5/ 2 + 2) rad/s 

_ do 

~di ~ i0 ‘ 

• = 0.5 s 

® = 3.25 rad/s 

a = 5 rad/s 2 

* = ®r=3.^ 0 .8) = 2.60 m/s 
**■«• = 5(0.8) = 4 m/s 2 

= ®V= (3.25) 2 (0.8) = 8.45 m/s 2 
% = V(4 ) 2 + (8.45) J = 9.35 




*16-4. Just after the fan is turned on, the motor gives the 
blade an angular acceleration a — (20e~ 06 ') rad/s 1 2 , where 
t is in seconds. Determine the speed of the tip P of one of 
the blades when t = 3 s. How many revolutions has the 
blade turned in 3 s? When t = 0 the blade is at rest. 

dm= adt 


!“dco = f 20c “ 0< 
Jo k 


■■ 33.3(1 



<a= 27.82 rad/s 

v P = or = 27.82(1.75) = 48.7 ft/s Aim 
d0=aidt 

^d6 = J' 33.3(l 6| ) dt 

8 = 53.63 rad = 8.54 rev Aim 


16-5. Due to an increase in power, the motor M rotates 
the shaft A with an angular acceleration of a = 
(0.06 d 2 ) rad/s 2 , where 0 is in radians. If the shaft is 
initially turning at = 50 rad/s, determine the angular 
velocity of gear B after the shaft undergoes an angular 
displacement AS = 10 rev. 


o>do)= add 


/" codco= [ 2 * (1 ° ) O.O60 2 d0 

'50 h 


1 y , 2*<10) 

-of = O.O20 3 

2 50 0 


0.5&r- 1250 = 4961 


<a = 111.45 rad/s 


Q) A r A = C0gr B 


(III.45)(12) = «k(60) 



Oto = 22.3 rad/s A ns 




16-6. The hook moves from rest with an acceleration of 
20 ft/s 2 . If it is attached to a cord which is wound around 
the drum, determine the angular acceleration of the drum 
and its angular velocity after the drum has completed 
10 rev. How many more revolutions will the drum turn 
after it has first completed 10 rev and the hook continues 
to move downward for 4 s? 

Angular Motion : The angular acceleration of the drum can be determine by 
applying Eq. 16- 11. 

a, = ar, 20 = cr(2) a = 10.0 rad/s : Ans 



a = 20 ft/s 2 


Applying Eq. 16-7 with a t = a= 10.0 rad/s and 8 = (10 rev) x [ ——— | 


: 20>r rad, we have 


a 1 = ail+2a c (8-8 0 ) 
co 1 = 0 + 2(10.0)(20jt-0) 
co= 35.45 rad/s = 35.4 rad/s 


The angular displacement of the drum 4 s after it has completed 10 revolutions 
can be determine by applying Eq. 16-6 with m 0 = 35.45 rad/s. 


8= 8 0 + Q} 0 t+ja c t 2 


= 0 + 35.45(4) + 10.0) (4 2 ) 

l 1 rev \ 

= (221.79 rad) x -- =35.3 

V2tr rad J 


16-7. The disk is driven by a motor such that the angular 
position of the disk is defined by 8 = (20f + 4I 2 ) rad, 
where t is in seconds. Determine the number of 
revolutions, the angular velocity, and angular acceleration 
of the disk when t = 90 s. 


Angular Displacement: At; = 90 s. 


8= 20(90) + 4(90 z ) =( 34200 rad) xf 1=5443 rev Ans 

1.2?rrad/ 


Angular Velocity : Applying Eq. 16- 1. we have 


G>= — = 20+8n =740 rad/s 

at l(»90! 


Angular Acceleration : Applying Eq.16-2, we have 


— da> , 

a = — = 8 rad/s 
dt 







*16-8. The pinion gear A on the motor shaft is given a 
constant angular acceleration a =» 3 rad/s 2 . If the gears 
A and B have the dimensions shown, determine the 
angular velocity and angular displacement of the output 
shaft C, when t * 2 s starting from rest The shaft is fixed' 
to B and turns with it 


0> A = 0 + 3(2) = 6 nd/s 
0 « 0 O + a>„f + 


16-9. The motor Af begins rotating at o> = 4(1 - 
e~‘) rad/s, where t is in seconds. If the pulleys and fan 
have the radii shown, determine the magnitudes of the 
velocity and acceleration of point P on the fan blade when 
t = 0.5 s. Also, what is the maximum speed of this point? 


<o, = 0.39347 nd/s 

v, = 0.39347(16) = 6.30 in./s Ans 

= o^r, 

2.4261(1) = or,(4) 

or, = 0.606525 nd/s 2 

a, = ar= 0.606525(16) = 9.7044 in./s 2 

a, = «*r = (0.39347) 2 ( 16) = 2.4771 in./s 2 

IV = y?9.7044) 2 + (2.4771)! = 10.0 in./s 2 Ans 


o>_ - 4 nd/s 


4(1) = a»,(4) 


a), = 1 nd/s 


v, = 1(16) = 16.0 ia./s Ans 


0 A = 0 + 0 + -(3)(2) 2 



0 A — 6 rad 


“a'U = »*»» 

6(35) = 0,(125) 
ta c = a), = 1.68 rad/s 
®a»a = e*', 

6(35) = 0,(125) 

0 C = 8* = 1.68 nd 


= 4(1—0 


^ - 4.- 


When r = 0.5 s 


ai„ = 1.57388 nd/s 


or. = 2.4261 nd/s 


1.57388(1) = 01,(4) 











16-10. The disk is originally rotating at = 8 rad/s. If 
it is subjected to a constant angular acceleration of 
« = 6 rad/s 2 , determine the magnitudes of the velocity 
and the n and t components of acceleration of point A at 
the instant t - 0.5 s. 


co = Cii, + a^i 

ai = 8 + 6(0.5) = 11 rad/s 

v = ra * v a =2(11) = 22 ft/s Ans 

a ‘ = ra: < a * >< = 2(6) = 12.0 f Us 2 Ans 

a " = ain ^ >» = (1 D 2 (2) = 242 ft/s 2 Ans 


(0(> = 8 rad/s 



16-1L The disk is originally rotating at co 0 - 8 rad/s. If it 
is subjected to a constant angular acceleration of 
a: = 6 rad/s 2 , determine the magnitudes of the velocity 
and the n and t components of acceleration of point B just 
after the wheel undergoes 2 revolutions. 


a? = a$ +2 aA6-e 0 ) 

<u 2 = (8) 2 + 2(6)[2(2?r)-0] 

0 ) = 14.66 rad/s 

n = or = 14.66(1.5) = 22.0 ft/s Ans 
(<j«), = ar = 6(1.5) = 9.00 ft/s 2 Ans 
(«*)„ = ofr = U4.66) 2 (1.5) = 322 ft/s 2 Ans 



I 


I 


"*»AT»TAtaYi 




iTsTsmsl 


atcj 




*16-12. When only two gears are in mesh, the driving 
gear A and the driven gear B will always turn in opposite 
directions. In order to get them to turn in the same 
direction an idler gear C is used. In the case shown, 
determine the angular velocity of gear B when t = 5 s, if 
gear A starts from rest and has an angular acceleration 
of oc A ~ ( 3 1 + 2) rad/s 2 , where t is in seconds. 

Ja> = a dt 

I> =j' 0 O< + 2)dt 



Idler gear Driving gear 


&I 4 = l,5r+ 2/1 ,-5 =47.5 rad/s 
(47.5)(50) = at (50) 


Oic =47.5 rad/s 


o*(75) = 47.5(50) 


tAs =31.7 rad/s Ans 


16-13. A motor gives disk A an angular acceleration of 
a A = (0.6f + 0.75) rad/s 2 , where t is in seconds. If the 
initial angular velocity of the disk is a* = 6 rad/s, 
determine the magnitudes of the velocity and 
acceleration of block B when t = 2 s. 


dm = adt 


(“dm = f *(0.6r 1 + 0.75) dt 
t o 

m - 6 = (0.2/’ + 0.75 01? 

€0 = 9.10 rad/s 

v, * or = 9.10(0.15) = 1.37 m/s Ant 

a, = a, = ar = (0.6(2) 2 + 0.751(0.15) = 0.472 m/s J Ans 


= 6 rad/s 



16-14. The disk is originally rotating at too = 8 rad/4 If 
it is subjected to a constant angular acceleration 
a c ~ 6 rad/s 2 , determine the magnitudes of the velocity 
and the n and t components of acceleration of point A at 
the instant t = 3 s. 


m = m a + a e t 

<0 = 8 + 6(3) = 26 rad/s 

v - tor = 26(2) = 52.0 ft/s 


a, =ar= 6(2) = 12.0 ft/s 2 


* = ‘o''' = <26) 2 <2) = 1.35(10 J ) ft/ s 2 Ans 


®o = 8 rad/s 












16-15. Gear A is in mesh with gear B as shown. If A 
starts from rest and has a constant angular acceleration of 
a a = 2 rad/s 2 , determine the time needed for B to attain 
an angular velocity of cob = 50 rad/s. 



Angular Motion: The angular acceleration of gear B must be deter¬ 
mined first. Here. a A r A = a B r B . Then, 

a B — —a A = T 1 (2) = 0.5 rad/s 2 
r B \100/ 

The time for gear B to attain an angular velocity of a> B = 50 rad/s can 
be obtained by applying Eq. 16-5. 

(Ob — 

50 = 0 + 0.5/ 

/ = 100 s Ans 


*16-16. The gear A on the drive shaft of the outboard 
motor has a radius r A = 0.7 in. and the meshed pinion 
gear B on the propeller shaft has a radius r B — 1.4 in. 
Determine the angular velocity of the propeller in t = 
1.3 s if the drive shaft rotates with an angular acceleration 
a = (300V?) rad/s 2 , where t is in seconds. The propeller 
is originally at rest and the motor frame does not move. 



= a B r B 

(300V?) (0.7) == a/. (1.4) 
ap = 150-// 
dio = a dt 



f 


150 Vidt 


a> = 100r ! ' /2 j (=| , = 148 rad/s Ans 





16-17. For the outboard motor in Prob. 16-16, determine 
the magnitudes of the velocity and acceleration of a point 
P located on the tip of the propeller at the instant t = 
0.75 s. 


(a ?), = 285.8 in./s 2 



(a P )„ = arr = r 100(0.75) 3/2 1 2 (2.2) 
(<!/>)„ = 9281 in/s 2 
a P = v /(285.8) 2 + (9281) 2 


dw = adt 


f d(o= f 150 -Jidt 
Jo Jo 


= 9285.6 = 9.29 x 10 3 in./s 3 Ans 


oj = 100/ 3/2 


a A r A = a P r B 


Vp = wr — f 100{0.75) 3/ ~ ] (2.2) 


(300v7)(0.7) = a P {\A) 


Vp = 143 in7s 


Ans 


cip = 150V? 


(£*/>), =ar = [150V5775](2.2) 


16-18. Starting from rest when .? = 0, pulley A is given 
an angular acceleration a = (66) rad/s , where 9 is in 
radians. Determine the speed of block B when it has risen 
s = 6 m. The pulley has an inner hub D which is fixed 
to C and turns with it. 


= 66),i 



et== 0^5 =80rad 
$a (0.05) = 80(0.15) 

9 A = 240 rad 
a dd = wdw 

r2«) *to A 

/ 69 A d$ A = / (o,\ dco A 

J o J o 

= (6{240) 2 ]O2 _ 5g7.88 ra d/s 

(587.88)(0.05) = o c (0.15) 
a> c = 195.96 



But 9 A (50) = !50(6» c ) 
0.\ = 30c 


Thus, etc = 6 9c 



6 0 c d0 c 



cue doic 


Vp = 195.96(0.075) = 14.7 m/s Ans 


69^ = cu£. 


Also. 


a a = 6 0 A 

But a^(50) = 150a c 
a A = 3 a c 


<x>C '■ 


0.075 


= 80 rad 


a> c = 76(80) = 195.96 


vp = (195.96)(0.075) = 14.7 m/s Ans 


3a c = 60 A 


a c = 20 A 


ViViVMsIfcTflIlWWiBldMirsi 




a * r A * acr c 
6(50) = Oe(150) 


16-19. Starting from rest when s = 0, pulley A is given 
a constant angular acceleration a c = 6 rad/s 2 . Determine 
the speed of block B when it has risen s = 6m. The pulley 
has an inner hub D which is fixed to C and turns with it. 


<*C = 2 rad/s 2 



*16-20. Initially the motor on the circular saw turns its 
drive shaft at ro = (20r M ) rad/s, where t is in seconds. If 
the radii of gears A and B are 0.25 in. and 1 in., 
respectively, determine the magnitudes of the velocity 
and acceleration of a tooth C on the saw blade after the 
drive shaft rotates 6 = 5 rad starting from rest. 



aj - 20 r 2 ' 3 

dm 40 
I dt 3 

dO « mdt 

I 

j"d0 - }'201 2 ' 3 dt 
0 0 

e - 20 (|)t 5 ' 3 

When 0 = 5 rad, 
t - 0.59139 s 
o - 15.885 rad/s 2 
to - 14.091 rad /* 
m A r A m m t r B 
14.091(0.25) = <0,(1) 

< 0 , = 3.523 rad/s 

v c « co„r = 3.523(2J) = 8.81 In./* 
a A r A = a,r B 
1.5.885(0.25) - <r,(l) 
a B - 3.9712 rad/s 2 

(<%). = <%r = 3.9712(2.5) - 9.928 in./s 2 
(%)« « <oJr= (3.523) J (2.5) = 31.025 in./* 2 
<%: - V(9.928) 2 + (31.025)2 
» 32.6 In./* 2 


An* 


An* 






16-21. Due to the screw at E, the actuator provides 
linear motion to the arm at F when the motor turns the 
gear at A If the gears have the radii listed in the figure, 
and the screw at E has a pitch p = 2 mm, determine the 
speed at F when the motor turns A at u) A - 20 rad/s. 

Hinr. The screw pitch indicates the amount of advance of 
the screw for each full revolution. 

“a r A =® b' , b 



a " (0-25U ) , \ = 20 rad/s, determine 

mgular displacement of 10 rev. 



a* « 0256* + 0.5 
a do a8 cq 

r*(0.25O> + 0.5)^ , S" A <Uo A 
(0.0625O' 4 + o. 56 )| 20 * . i (<E r 

0 2 lio 

“a - 1393.94 rad/s 

“iCi “ a>,r, 

1395.94(0.05) = o a (0.15) 

“ 465 rad/s a ns 


16-23. A motor gives gear A an angular acceleration of 
a A = (4f 3 ) rad/s 2 , where t is in seconds. If this gear is 
initially turning at (wa)o = 20 rad/s, determine the 
angular velocity of gear B when t — 2 s. 



i 

i 

I 

a*=4' S 

I 

da » adt 

f "“do, = J‘ a A * = J 41 3 ds 
*20 0 0 

«U - ' 4 + 20 

When (=2i, 

a A a 36 rad/s 

d’s'i “ <°* r » 

36(0.05) = <»j(0.15) 


( 0 . > 12 rad/s 


Ane 






*16-24. The disk starts from rest and is given an angular 
acceleration a = (1O0 1/:1 ) rad/s 2 , where 0 is in radians. 
Determine the angular velocity of the disk and its angular 
displacement when t=4s. 



a = 100 ’ 


codco= ad$ 


f"ctfj£0= [*1005 40 
Jo J o 

10^0^ = 7.50’ 


«=? = ✓««* 

dt 


JVU.J/IS* 

30’ = /t5 1 


0=2.152r ! l/« 4 = 138 rad An* 


£a= — = 6.455/ 2 = 103 rad/j An* 

dt »* 


16-25. The disk starts from rest and is given an angular 
acceleration a = (1O0 1/3 ) rad/s 2 , where 6 is in radians. 
Determine the magnitudes of the normal and tangential 
components of acceleration of a point P on the rim of the 
disk when ( = 4s. 

a = 100’ 

mdco= add 



rcod(o= f ^ 10 0 s 40 
J o Jo 

= lO^0’j = 7.50’ 

o>=^ = /l50’ 
dt 

IV’40 = jVi5 4; 

30’ = /l5 1 

0= 2.152141,= 137.71 


a>= —= 6.455r 2 =103.28 

dt '■* 


(ap)„ =ofr = (103.28) 2 (0.4) = 4267 m/s ! An* 
(a P ), = ar = [l0<137.71)’j(0.4) = 20.7 m/s 2 Ai 






16-26. If the angular velocity of the drum is increased 
uniformly from 6 rad/s when t = 0 to 12 rad/s when 
f = 5 s, determine the magnitudes of the velocity and 
acceleration of points A and B on the belt when t = 1 s. 
At this instant the points are located as shown. 



® = «o + a e t 

12-6+0(5) 0=1.2 rad/s 2 

At /= 1 8, 

6+1.2(1) = 7.2 rad/s 
«»,=«, = <!>,= 7.2(1]= 2.4 ft/ S 

^ =ar=l -2(l] = °. 4 ft / s 2 

{«,), = «■= 1-2(1] = 0.4 ft/s 2 

= <*> 2 r= (7.2) 2 (1] = 17.28 ft/s 2 


^ = + = ^042 + 17.282- 


17.3 ft/s 2 


Ans 


Am 


Am 


a. auak__—....—.—_—. 

16-27. The operation of “reverse” for a three-speed 
automotive transmission is illustrated schematically in the 
figure. If the crank shaft G is turning with an angular 
speed of 60 rad/s, determine the angular speed of the 
drive shaft H. Each of the gears rotates about a fixed axis. 
Note that gears A and B, C and D, E and F are in mesh, i 
The radii of each of these gears are reported in the figure, j 



r B = r c = 30 mm 


r D =50 mm 
r E = 70 mm 
r F = 60 mm 


60(90) - «,c(30) 
ta tc = 180 rad/s 
180(30) = 50(co oe ) 
<o DE ~ 108 rad/s 
108(70) = (60)«»*) 


Ans 


<o H = 126 nd/s 






*16-28. Rotation of the robotic arm occurs due to liner 
movement of the hydraulic cylinders A and B. If cylinder 
A is extending at the constant rate 0.5 ft/s while B is held 
fixed, determine the magnitude of velocity and 
acceleration of the part C held in the grips of the arm. 
The gear at D has a radius of 0.10 ft. 


Angular Motion : The angular velocity of gear D must be determined first 
Applying Eq. 16 — 8, we have 

v = co a r D : 0.5 = tu D (0.10) a D - 5.00 rad/s 

Motion of Part C : Since the shaft that turns the robot's arm is attached to gear 
D, then the angular velocity of the robot's arm 0 ) p = C 0 D = 5.00 rad/s. The 
distance of part C from the rotating shaft is r c = 4cos 45° + 2sin 45° = 4.243 ft 
The magnitude of the velocity of part C can be determined using Eq. 16 - 8. 

= io K r c = 5.00(4.243) = 21.2 ft/s Ans 

The tangential and normal components of the acceleration of part C can be 
determined using Eqs. 16-11 and 16-12 respectively. 

a, = ar c - 0 

a, = a> 2 K r c = ( 5.00 2 ) (4.243) = 106.07 ft/s 2 
The magnitude of the acceleration of point P is 

a p = Jaf+ai = /0 J + 106.07 2 = 106 ft/s 2 Ans 



16-29. At the instant shown, gear A is rotating with a 
constant angular velocity of co A = 6 rad/s. Determine the 
largest angular velocity of gear B and the maximum speed 
of point C. 

(r s imax = (fa )»ui» =50y^2mm 
=(r A )»i« = 50 mm 
When r A is max., r B is min. 



COB(r B ) = C0 A r A 


Jr A \ J 50/2 

= 6 [-J = 6l — 


(a<B )m« = 8.49 rad/s Ans 
v c = (cos )m«t r c = 8.49(0.05 /2) 


v c =0.6m/s Ans 





16-30. A mill in a textile plant uses the belt-awd-pulley 
arrangement shown to transmit power. When f = 0 an 
electric motor is turning pulley A with an angular velocity 
of 01,4 - 5 rad/s. If this pulley is subjected to a constant 
angular acceleration 2 rad/s 2 , determine the angular 
velocity of pulley B after B turns 6 revolutions. The hub 
at D is rigidly connected to pulley C and turns with it. 



When Bg ~ 6 rev ; 

4(6) - 3 e c 
B c = H rev 
8(3) - 4.5(0.) 

*A - 8.889 rev 

<«.)! - (a>„)? + 2dfcf(0„), - (0.),j 

(®»)J - (5) J + 2(2)[(8.889)(2*) - 0) 

(«U>a - 15.76 rad/s 

15.76(4.5) *> 5fl) c 

<»e =» 14.18 rad/s 

14.18(3) = 4(0,,), 

(4»*)2 = 10.6 rad/s Ans 


inrWin np1 


ra 





16-31- The rope of diameter d is wrapped around the 
tapered drum which has the dimensions shown. If the 
drum is rotating at a constant rate of a, determine the 
upward acceleration of the block. Neglect the small 
horizontal displacement of the block. 


v * cor 



16-3Z The rod assembly is supported by ball-and-socket 
joints at A and B. At the instant shown it is rotating about 
the y axis with an angular velocity w = 5 rad/s and has 
an angular acceleration « =» 8 rad/s 2 . Determine the 
magnitudes of the velocity and acceleration of point C at 
this instant. Solve the problem using Cartesian vectors . 
and Eqs. 16-9 and 16-13. c 

T c “ jjx(-0.41 +0.3k) = {lJI+2k} m/a 
»c * ✓l.J*+2* = 2.50 



z 


•c «ixr-w 2 r 

“ x ( -0.41 + 0.3k) - 5+0.3k) 






16-33. The bar DC rotates uniformly about the shaft at 
D with a constant angular velocity to. Determine the 
velocity and acceleration of the barAB, which is confined 
by the guides to move vertically. 



y^toaO 
y = t>, «= looses 

»/( cos 00-sin 00 2 ) 

H “ e u > = a, =a Al , and 0= m, 0 = ct = 0. 


*/cos0(a>) = to loose Ans 

” {cos 0(0) - sin 0( o) 2 ] = -<a 2 /sin0 Ans 



16-34. The scaffold S is raised hydraulically by moving 
the roller at A toward the pin at B. If A is approaching 
B with a speed of 1.5 ft/s, determine the speed at which 
the platform is rising as a function of 6. The 4-ft links are 
pin-connected at their midpoint. 




16-35. The mechanism is used to convert the constant 
circular motion <u of rod AB into translating motion of 
rod CD. Determine the velocity and acceleration of CD 
for any angle & of AB. 

x = loose 



i«»,* -ton00 

x = a, =-l( sin00+cos00 2 ) 

fii »,iv et , 4 =ib, and 6=m, 6 = a = 0. 



v es »-ton0(») = -<»ton0 Ans 

Oco =* -{sin 0(0) + cos 0( <B) 2 ] = -a) 2 /cos 0 Ans 

NegsUve signs indicate that bottom and s co are directed opposite topositivex. 


C 












*16-36. The block moves to the left with a constant 
velocity v„. Determine the angular velocity and angular 
acceleration of the bar as a function of 8. 



• - X - 


Position Coordinate Equation : From the geometry. 


x =-= acot 8 

tan 8 


Time Derivatives : Taking the time derivative of Eq. [1], we have 


dx ,J6 

— = -<xsc"0— 
dt dt 


Since u 0 is directed toward negative a:, then — = -o 0 . Also, — = co. 

dt dt 

From Eq.[2], 

-v 0 = -acsc 2 (?(rD) 

CD - -— = —sin d A 

acsc 2 6 a 


He^e, —. Then from the above expression 
dt 



a~ — (2sin0cos0) — 
a dt 


d6 t> 0 2 

However, 2sin0cos0 = sin 26 and co = = —sin 0. Substitute these 

dt a 

values into Eq. [3] yields 


ct- —sin 2f?f— 
a \ a 




—1 sin 20sin 2 6 Ans 







16-37. Determine the velocity of rod R for any angle 0 
of the cam C if the cam rotates with a constant angular 
velocity to. The pin connection at O does not cause an 
interference with the motion of A on C. 

Position Coordinate Equation : Using law of cosine, 


< r i +r 2 >~ =x 2 + r?-2r,xcos 0 

Time Derivatives : Taking the time derivative of Eq. [1], we have 


c , ( . a d6 „dx\ 

- - 2r, -.vsm 0— + cos 0— 

’ V dt dt j 


„ dx dO 

However o = — and to = —. From Eq. f21 
dt dt 



0 = *ii-r| (ucos 0-*tosin 0) 
r,x rosin 0 


r | cos 0 —x 


However, the positive root of Eq. [ 1 ] is 


Jr = r, cos 0+ yV‘COs : 0 + r,- + 2r, r 2 


Substitute into Eq. (3), we have 





: + r. (us in 0 


2;/ r 2 cos 2 0 + r} + 2r, r- 


Note : Negative sign indicates that u is directed in the opposite direction to 
that of positive x. 


16-38. The crankshaft AB is rotating at a constant 
angular velocity of to = 150 rad/s. Determine the velocity 
of the piston P at the instant 0 = 30°. 


0 2>*; 


•* = O.2COS0+ v / dV75) 2 - (O.-2sm0) 2 

* = -0.2sin00 + i [(0.75) 2 - (0.2sin0) 2 ]' * (—2) (0.2sin 0) (0.2cos0) 0 


v f = -O.2tusin0- 


l\ (O.2) 2 tusin20 


22V(O75) 2 -(O.2sin0) 2 


At #•=*30*; -fflF= tSCTnBfv 


vp = -0.2(150)sin30° -(-1 (0 2)-(150)sin60° 

■ 2 -V(0'75) 2 -(0.2sin30 < ’) 2 


v, = -18.5 ft/s = 18.5 ft/s <- Ans 





16-39. At the instant 6 = 50°, the slotted guide is 
moving upward with an acceleration of 3 m/s 2 and a 
velocity of 2 m/s. Determine the angular acceleration and 
angular velocity of link AB at this instant. Note: The 
upward motion of the guide is in the negative y direction. 

y <*0300*0 

y*v t = -0.3 sin 00 

y~a, «-0.3(sin99+cos99 2 ) 

**“• v j> " -2 m/s, a, = -3m/s 2 , and 9 = to, 0= a, 9=50°. 


-2=-0.3sin50°(a» 


a = 8.70 rad/s Am 



-3 = -0.3[*fn50°(or) + cos50°(8.70) 2 } <* - -50.5 radA 2 Ana 

*16-40. Disk A rolls without slipping over the surface 
of the fixed cylinder B. Determine the angular velocity 
of A if its center C has a speed v c = 5 m/s. How many 
revolutions will A have made about its center just after 
link DC completes one revolution? 


As shown by the construction, as A rolls through the arc s » $ A r, 
the center of the disk moves through the same distance s' — s. 
Hence, 




5 = a* (0.15) 

co* ~ 33.3 rad/s A ns 


s ' = 2 r0 C D ~ s = 0 A r 


2&co ~ Qa 



r 

s '-^t r 



v c = 5 m/s 


Thus. A makesjJrevolutioq|for each revolution of CD. 


16-4L Arm AB has an angular velocity of to and an 
angular acceleration of «. If no slipping occurs between 
the disk and the fixed curved surface, determine the 
angular velocity and angular acceleration of the disk. 


ds - (R - r) d& = -r c 


MSHg) 

Oi = JJjzilf? 


a' - (K-r)a 
















16-42. The inclined plate moves to the left with a 
constant velocity v. Determine the angular velocity and 
angular acceleration of the slender rod of length /. The 
rod pivots about the step at C as it slides on the plate. 



tiafp-e) “ Un(180*-*} " 
X Sin Ip m I sj D (0 _ g) 

x An ip = -i cos(p - 0) e 


lcos(p-g) Ans 

x An p = -/cos(* - 0)0 _ /sin( ^ _ 
0 » — cos(p - 0)0- - sin(0 -0) a 1 



a - v 2 Ai8p \ 

COS(P~0) (/J COS J (0- 0) J 


16-43. The end A of the bar is moving to the left with 
a constant velocity v^, Determine the angular velocity a* 
and angular acceleration a of the bar as a function of its 
position x. 


Position Coordinate Equation : From the geometry. 


-y* 

p cosi(p-ff) 


V A A 


. 1 . —„ 


u d 2 x „ j d 2 e 

“ ere » ^ 2 * — a—0 and = a. Substitute into Eq. [3J, we have 


Time Derivatives : Taking the time derivative of Eq. {1 j, vie have 


dx _ mos 9d8 
dt sin 5 0 it 


Since u„ IS directed toward positives:, then — = u,. Also ~ - w From 

_ dt dt 

the geometry, sin 6 = I and cos 0 = lEE . Substitute these values into 

•* X 

Eq,[2], we have 


r ( ~r 2 !x) 


o> = - —===== u, 
(xJx 2 -r- 


Taking the time derivative of Eq. [2], we have 


d'x r (1 + cos’ 
dt 2 sin 2 0 l sin 0 


; 2 0)(d$Y J-B 

r h) - cose *r 


r f/'l+cos 2 0'i , 

0 = —^2 —r— r— \oy - acos 0 
sin-#^ sin 8 J 

( 1 + cos 2 0> , 

a = - o>- 

UinFcos 8) 


r(lx--r-) 

a - - : , v 

_.«r-(,x 2 — r- ) 3/ - 


. r Jx 2 -r 2 ( r 

However, sin 8 = - , cos 8 = -2— — and to = - ____ 

x X -1 

Substitute these values into Eq.[4] yields 

T rax 2 -A) I . 











*16-44. The pins at A and B are confined to move in 
the vertical and horizontal tracks. If the slotted arm is 
causing A to move downward at v A , determine the 
velocity of B at the instant shown. 


Position coordinate equation : 


A 

tan# = - 


x 


d 

y 


Time derivatives: 



Ans 





16-45. Bar AB rotates uniformly about the fixed pin A 
with a constant angular velocity at. Determine the 


velocity and acceleration of block C, at the 
6 = 60°. 


B 



instant 

L cos 6 + L cos 4 “ L 
cos 6 + cos 4 — 1 

sin# 9 + sin4 4 “ 0 (1) 

oo«9(9) 2 + sinfl 0 + sin4 4 + cos# (4) 2 “ 0 ( 2 ) 

When 0 = 60°, 4 = 60°, 

thus, 0 = -4 “ a> (ftom Eq.(l)) 

'9-0 

4- —1.155to 2 (from Eq.(2)) 

Also, s c — L sine — L sin# 

v c = L cos4 4 - £ cos9 9 

He = -tsin4(4) 1 + L co»4(4) - Tcos9(9) + Z,sin9(9) 2 
At 9 - 60", ip = 60° 

Mg - -~-■ - 

v c = i(cos60°)(-a>) - I cos 60"( to) = -La = Lat 


Og = 

Og - 


-t sin60"(-#>) 2 + £cos60"(—1.155a> 2 ) + 0 + L sin60°(a)) : 
-0.577 Lc? - 0.5771a) 2 t 





^16-46. The bar is confined to move along the vertical 
and inclined planes. If the velocity of the roller at A is 
v A “ 6 ft/s when 6 =* 45°, determine the bar’s angular 
velocity and the velocity of roller B at this instant 



s, CO* 30* « 5 line 
l. = 5.774 line 


5.774 cose '8 


5 cose = s* + i, sin30* 

— Stine 0 = s A + s 8 sin30° (2) 
Combine Eqs.(l) and (2) : 

-5 sine 0 = -6 + 5.774 cose(6)(sin30°) 
-35360 = -6 + 2.0416 


0 = 1.08 rad/s 


From Eq.( 1) : 



: 5.774cos45*( 1.076) « 4.39 ft/s 


16-47. The disk is rotating with an angular velocity of 
at and has an angular acceleration of a. Determine the 
velocity and acceleration of cylinder B. Neglect the size 
of the pulley at C. 


s = /P + 52-2(3X5)cose - 


v 8 = r = -(34- 3Ocos0) ! (3Osin0)0 



(34-3Ocos0) ! 




dg = S = . . . . . . — - + 

V 34— 3Ocos0 


(34-3Ocos0) f 


15(cu?cos0 + asm©) _ 225a?sin 2 0 
(34- 3Ocos0) 2 (34-3Ocos0) 1 







*16-48. The slotted yoke is pinned at A while end B is 
used to move the ram R horizontally. If the disk rotates 
with a constant angular velocity to, determine the velocity 
and acceleration of the ram. The crank pin C is fixed to 
the disk and turns with it. 


x = I tan <t 
However 


m 


sm<p sin(I80° - (?) sin# S ' n ^ s S ' nS 


d — s cos <p — r cos # 


cos <p ■■ 


From Eq. f 1] x = I 


\ cos <f> ) 


/ r 

1 - sin # 


d +r cos 0 


Ir sin 8 


V 


d + r cos 8j d + r cos 9 


(d + rcos#)(/rcos##) — (Ir sin #)(—r sin##) 
(d + r cos#) 2 


Where 9 = to 


lr(r + d cos#) 
(d + rcos#) 2 


A ns 




x = a = Irio 


(d + r cos#) 2 (—dsin##) — (r + d cos#)(2)(# + rcos#)(-r sin 06) 


(d + rcos#) 4 


Ir sm#(2r 2 — d 2 + rdcosO) , 

- -—- co 

(d -t-rcos#) 3 


Ans 


16-49. The Geneva wheel A provides intermittent rotary 
motion to A for continuous motion co D = 2 rad/s of disk 
D. By choosing d = KXK/2 mm, the wheel has zero an¬ 
gular velocity at the instant pin B enters or leaves one 
of the four slots. Determine the magnitude of the angular 
velocity coa of the Geneva wheel at any angle 0 for which 
pin B is in contact with the slot. 


, 0.1 sin $ sin# 

tan 4> =- P -= ——— - 

0.1(72 —cos#) 72- cos# 



, . (72 - cos#)(cos##) - sin#(sin##) 72cos# - 1 . 

sec* <p<t> =---p--—--——- = —p- 6 

(72-cos#) 2 (72-cos#) 2 


HI 


From the geometry: 

r 2 = (0.1 sin#) 2 + [0.1(72 - cos#)] 2 = 0.01(3 - 272cos#) 

, . r 2 0.01(3-272cos#) (3-272cos#) 

sec- <p = - 7 = -=-—-- = --- 

[0.1(72-cos#)] 2 [0.1(72-cos#)] 2 (72-cos#) 2 


0.1 V2m 


0.10/2 - cos#)* 

77 

\<e 

0.1 sin 

P 

e 


From Eq. [1] 


(3 —272cos#). 72cos# — I ^ 
(72-cos#) 2 _ (72-cos#) 2 


72cos# — 1 ^ 
3 — 272 cos# 


Here <p = co A and # = = 2 rad/s 


/ 72cos# — 1 \ 
\3 —272 cos# / 


www.els 


Ans 



16-50. At the instant shown the boomerang has an 
angular velocity co = 4 rad/s, and its mass center G has 
a velocity v a = 6 in./s. Determine the velocity of point 
B at this instant. 



v * = y o * Y s/o 


v, = S + [4(lJ/sln45 0 ) = 8.4852] 

3<rA t 


{<-) = 6 ®»30° + 0 = 5.196 in./s 

(+ T><v,), = 6 Jin 30° + 8.4852 = 11.485 in./j 
v, = j/ (S.196) 2 + (11.485)2 = 12.6 in./s 



A ns 


„ ., 11.485 _ 

8 = tan 1 - = 65.7° 

5.196 


Also; 

v, = v 0 + to x r tlG 

(v,),! + = (-6cos30°i +■ 680130 * 3 ) + (4k) x (1.5/sin45°)i 

(»,), = —6cos30° = - 5.196 in./s 
(»*), = 6 sin30° + 8.4853 = 11.485 in./s 

A ns 


v, = /(5.196) 2 + (11.485)2 = 12.6 in./s 
11.485 


0 = an ’ 1 = 65.7° 
5.196 


16-51. The crankshaft AB is rotating at 500 rad /s about 
a fixed axis passing through A. Determine the speed of 
the piston P at the instant it is in the position shown. 



It/, = o.su 



v c - 50 m/s 


A as 





*16-52. The pinion gear A rolls on the fixed gear rack 
B with an angular velocity o» = 4 rad/s. Determine the 
velocity of the gear rack C. 



VC = Vg + v c ,g 


(*—) vc = 0 + 4(0.6) 


v c = 2.40 ft/s Ans 


V C = Vg + COX Ten 


-v c i = 0 + (4k)x(0.6j) 
v c = 2.40 ft/s Ans 


Vi. ^4 




16-53. The pinion gear rolls on the gear racks. If B is 
moving to the right at 8 ft/s and C is moving to the left 
at 4 ft/s, determine the angular velocity of the pinion gear 
and the velocity of its center A. 


Vc = Vg + v ct g 


(->) -4 = 8- 0.6(<U) 



co = 20 rad/s Ans 


Vg = Vg + Vg/g 


(-*) Vg = 8 - 20(0.3) 


vg = 2 ft/s 


vc = vg + coxtc/i 



* m 


-4i = 8i + (ofc)x(0.6j) 


-4 = 8- 0.6o) 


to = 20 rad/s Ans 


vg = v s + 0 ) x rg, fl 


Vgi = 8i + 20k x (0.3J) 


Vg = 2 ft/s -*• Ans 







16-54. The shaper mechanism is designed to give a slow 
cutting stroke and a quick return to a blade attached to 
the slider at C. Determine the velocity of the slider block 
C at the instant 6 = 60°, if link AB is rotating at 4 rad/s. 



v c = v fl tax r c/s 

-v c i = -4(0.3)sin 30°t + 4(0.3)cos 30°j + oik x (-0.125cos 45°i + 0.125sin 45°j) | 
-v c =-1.0392-0.008839ft) 

0 = 0.6 - 0.08839fti H 

Solving, 
ftl =6.79 rad/s 
v c = 1.64 m/s A ns 



22 «*»*«c 

’ “ 1,nk AB ,s stating at 4 rad/s. 


T c = V, + «> X t c „ 

-» c l = -4(0.3) cos45°l +• 4(0.3)sln45°J + mk x(-0.125eos45°l + 0.125sin45°J) 
-v e = -0.8485 - 0.08839a) 

0 = 0.8485 - 0.08839 <0 
Solving, 
to = 9.60 rad/s 

v c = 1.70 m/s An* 



*16-56. The velocity of the slider block C is 4 ft/s up the 
inclined groove. Determine the angular velocity of links 
AB and BC and the velocity of point B at the instant 
shown. I 


For link BC 

v c ={-4cos45'i+4sta45°J) it/s v a = -v,l co=o ) lc k 





4T, 


s 


T c =v, + «xr cu 

-4cos4J°i-t-4sin45°j = -Vji+tft),,-k) x( II) 

-4cos45°i + 4sta45'J = -v t i + co Bc j 
Equating the! and j components yields 
-4eos45° = -v, v, = 2.83 ft/s 

4sin45° = ( 0 BC <o BC = 2.83 rad/s 
For link AB : Link AB rotates aboutthe fixed point*. Hence 

V S =U AB r AO 




-TJTT 

C* 


e >B 


A ns 
Ans 


2.83 = <n 4 j(l) 


ta tt =2.83 rad/s 


Ans 









16-57. If the block at C is moving downward at 4 ft/s, 
determine the angular velocity of bar AB at the instant 
shown. 


K intmatic Diagram : Since link A B is Totaling about fixed point A . then v , 
is always directed perpendicular to link AB and its magnitude is v 3 = 0 ) AB r AB 
= 2 a> AB . At the instant shown, v s is directedtowards the negative y axis. Also, 
block C is moving downward vertically due to the constraint of the guide. Then 
v c is directed toward negative y axis. 

Velocity Equation : Here, r CM = {3cos 30°i + 3sin 30°j } ft 
= {2.5981 +1.50j} ft Applying Eq. 16 - 16, we have 

V C = V fl + xr c/8 

—4j = -2a) AB j + (et> BC k) x<2.5981 + 1.50j) 

_4j _ -i.50to B <4 + (2.598£0 Bf -2t» AB )j 

Equating i and j components gives 

0 = -1.50<B SC to B c — 6 

-4 = 2.598(0)-2<» Ag ai Af = 2.00 rad/s An* 



X 1 c/t 


v c = 4 ft/s 


Vie. Vi''+ fl k 




16-58. If link A B is rotating at co AB = 3 rad/s, determine 
the angular velocity of link CD at the instant shown. 


J<o AB 




v c = %xr c/1 , 


y c = y, + aj lc xr c „ 


<«>cnk)X(-4co*43»l + 4sl,43°p a (-3IOx(6l) + « a .*»«-g*n* n - 

- 2.828O) co = 0 + 6.9280) JC . 

-2.828ffl co = -18 _ 4eo tc 
Solving, 

<o, c » -1.65 nd/s 

o>cd “ 4.03 nd/> Ana i 








16-59. The planetary gear A is pinned at B. Link BC 
rotates clockwise with an angular velocity of 8 rad/s, while 
the outer gear rack rotates counterclockwise with an 
angular velocity of 2 rad/s. Determine the angular 
velocity of gear A. 




Kinematic Diagram : Since link BC is rouuing aboutftxed point C, then v g 
is always directed perpendicular to link BC and its magnitude is u g = <o B c r nc 
= 8( 15) = 120 in./s. At the instant shown, v g is directedto the left Also, at 
the same instant point E is moving to the right with a speed of u £ = co D r CE 
= 2(20) = 40 in. Is. 

Velocity Equation : Here, v BI£ = co A r BIE = 5o>, which is directed to 
the left Applying Eq. 16 - 15, we have 

v s =v E + v g , £ 

5<b a 

. t- . 

■ 120 = 40- 5gi a 
m A = 32.0 rad Is 








*16-60. The rotation of link AB creates an oscillating 
movement of gear F. If AB has an angular velocity of 
"/is = 6 rad/s, determine the angular velocity of gear F 
at the instant shown. Gear E is rigidly attached to arm 
CD and pinned at D to a fixed point. 


K inematic Diagram : Since link A £ and arm CD are rotating about the fixed 
points A and D respectively, then v £ and v c are always directed perpendicular 
their their respective arms with the magnitude of v B = co AB r AB = 6(0.075) 

= 0.450 m/s and v c = co CD r CD = 0.15o) cd . At the instant shown, v fl and v<- 
are directed toward negative x axis. 

Velocity Equation : Here, r BIC = {O.lcos 30°i + 0.1sin 30°j } m 
= {0.08660i + 0.05j} m. Applying Eq. 16-16, we have 


v c = v s + 0 ) sc x r c/B 

-0.450i = -0.15tu co i + (£u sc k) x (0.08660i + 0.05J) 
-0.450i = - (0.05 c + 0.15 co CD ) i + 0.08660oj e r j 


Equaling i and j components gives 


0 = 0.08660tu sc co BC = 0 


-0.450 = -[0.05 (0) + 0.15n> co ] a CD = 3.00 rad/s 


Angular Motion About a Fixed Point: The angular velocity of gear E is 
the same with arm CD since they are attached together. Then, m E = at CD 
= 3.00 rad/s. Here, co E r E = m F r F where eo F is the angular velocity of gear F. 


= - 0 ) £ 




100X 


v 25 


(3.00) = 12.0 rad/s 


Ans 










16-61. At the instant shown, the truck is traveling to the 
right at 3 m/s, while the pipe is rolling counterclockwise at 
to = 8 rad/s without slipping at B. Determine the velocity 
of the pipe’s center G. 



V G = Vfl + Vc/B 


v G = 3 + 12 


vc = 9 m/s <- Ans 


\'0 = V/j + (o x r c/B 

v a i = 3i + (8k) x (1.5j) 


= 3- 12 


v 0 = —9 m/s = 9 m/s *- Ans 


1.5 m/ g 


oc,/B — 1.5(8) — 12 m/s 


16-62. At the instant shown, the truck is traveling to the 
right at 8 m/s. If the spool does not slip at B, determine 
its angular velocity so that its mass center G appears to 
an observer on the ground to remain stationary. 





v<; = v« -f vg/b 


0=8+1.5 co 


v Gm = 1.5 0 ) 


co = — = 5.33 rad/s Ans 


Vc = V B + W X r G/B 


Oi = 8i + (tuk) x (1.5j) 


0 = 8- 1.5o) 


co = — = 5.33 rad/s Ans 













16-63. The planetary gear system is used in an 
automatic transmission for an automobile. By locking or 
releasing certain gears, it has the advantage of operating 
the car at different speeds. Consider the case where the 
ring gear R is held fixed, o> N = 0, and the sun gear S is 
rotating at a> s = 5 rad/s. Determine the angular velocity 
of each of the planet gears P and shaft A. 









*16-64. * If the link AB is rotating about the pin at A 
with an angular velocity co AB - 5 rad/s, determine the 
velocities of blocks C and E at the instant shown. 

T C = T, + V c/£ 

v c ** 5 + <n(2) 

«— 4 \| 30* t/j, 

t- v c = 0 + a>(2) sto>30* 

+ 4 0 = 5- ffl^cosSO* 

01 - 2.887 rad/s 

v c = 2.89 ft/s An* 

To “ T * + T o/s 

= 5 + 2.887(3) + fi>os(4) 

4 ^ «• -» 

V* = »o + t bo 

v £ = 5 + 2.887(3) + fl) 0£ (4) 

4 4 < 50 ° -> 

4 0 = 0 - 7.500 + <o oe (4) 

0 ) DE = 1.875 nd/s 

+ 4, v £ = 5 + 4.330 

v £ = 9.33 ft/s 4 An* 

Also: 

▼c = + Q) xr c/ | 

-v c l = -5j +(<ak)x(2cos30“i + 2sin30°j) 
-v c = 0-<9 
0 = -5 + 1.732o» 
to = 2.887 rad/s 
v c = 2.89 ft/s An* 

* v* + <0 Xr UB 

V ° = ~ 5j + (2.887k) x(-3sin30°i + 3cos30»J) 
v o = {-7.5f - 9.33J} 

v ® ** v 2> + ®o* xr BJ) 

~v £ j = (-7.51 - 9.33J) +(«> i>£ k)x(-4j) 

0 - -7.5 + 4(a 0£ 

= -9.33 

*°de 38 1.875 rad/s 

An* 



v e - 9.33 ft/s 







16-65. If disk D has a constant angular velocity 
a> D = 2 rad/s, determine the angular velocity of disk A 
at the instant 8 = 60°. 


o>a 



v » = v c + »«,c 
Vj = 1J5 + 2®, c 

'V 5 * ^■ 30 >i «• 

(-») Vj COS45- = I_5cos30° - 2a, c sin60“ 
(+■!■) v, sin45° - - 1.5sin 30° + 2« <c cos60° 
®sc = 0.7S rad/s 



v* » 0 



I 

Also: 


- v c + <u JC x t c „ 


v,eo,45°l - v a sin45°j = lJcos30°i + 1.5,in30°j + («, c k)x(2oo,60°i - 2sin60«j) 
v*cos45° = 1 Jcos 30° + <B, c (2sin60°) 

- *>» ain4S° = 1 Jsin30° + to, c ( 2cos60°) 

®»c = 0.75 rad/s 

v, =0 


_0_ 

0.5 


s 


0 


A ns 


16-66. The bicycle has a velocity v = 4 ft/s, and at the 
same instant the rear wheel has a clockwise angular 
velocity w = 3 rad/s, which causes it to slip at its contact 
point A. Determine the velocity of point A. 


Vs = Vc + VS/C 


H 

w 

[l] 

!+j 

j 

f26'i 

(3) 




. 


U4/ 

. 


=2.5 ft/s Ans 


Also. 



. V/t = Vc + tux r AIC 

v„ = 4i + (-3k)x(~jj 

v* = 4i-6.5i = -2.5i 
v* =2.5 ft/s «- An* 



www.elsolucionario.net 











c 


16-67. If the angular velocity of link AB is m AB = 3 rad/s, 
determine the velocity of the block at C and the angular 
velocity of the connecting link CB at the instant 0 = 45° 
and cf> = 30°. 


Y C = Vg +V C /g 


[v/U 

6 


g>cb( 3 ) 

l~ J 



■♦lib. . 


- v c = 6 sin30° - ffifca (3)cos45° 

(+ T) 0 = -6 cos30° + dies (3)sin45° 
cuts = 2.45 rad/s ^ Ans 
v c =2.20 ft/s <- Ans 

Also, 

V C = V„ + Ci)X.T C ib 

-v c i = (6 sin30°i- 6 cos30°j) + (cuts k) x (3 cos45°i + 3 sin45°|) 
-vc = 3-2. 12o)cb 

(+ T) 0 = -5.196 + 2.12cuts 

cuts = 2.45 rad/s ^ Ans 

v c =2.20 ft/s*- Ans 




*16-68. If the end of the cord is pulled downward with 
a speed v c = 120 mm/s, determine the angular velocities 
of pulleys A and B and the speed of block D. Assume 
that the cord does not slip on the pulleys. 



v Q = 60 mm/s Ans 


'«»«»«/ olenli m inn sarin, not 
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J 6 "/ 1 ; . ^ to P v,ew of an automatic service window at 
a fast-food restaurant is shown in the figure. Duirins 
operation, a motor drives the pin-connected link CB with 

“ f gU '? r " e ' OCity "ca = 0.5 rad/s. Determine the 
velocity at the instant shown of the end A, which moves 
along the slotted guide. 


v„ = V. + V. 


■ (0.2)(0.5) + a)„ D (0.2) 
30 , 7 




(-») Va = ~(0.2)(0.5)cos30“ - <0, o (0.2) cos30° 

(+ T) 0 = 0.2(0^) sin30° - a> AD (0.2)sin30° 
a> AD = 0.5 rad/s 

v A — —0.17321 m/s = —0.173 m/s Ass 

Aka; 

v x » v, + m Ai ,x 

v A l = -0^0.5)cos30°l + 0.2(0.5)sin30°j + (o AC k)x(-0.2cos60°i + 0.2sin60“j) 
v x « -(0.2)(0.5)cos30 <> - o xo (0.2)cos30“ 

0 - 02(0.5) sin30° - a) AO (0.2)sin30° 

<o AD = 0.5 rad/s 

v A = -0.17321m/* - -0.173 m/» An* 


*16-72. Part of an automatic transmission consists of a 

fijced ring gear R, three equal planet gears P, the sun gear 

S, and the planet carrier C, which is shaded. If the sun 

gear is rotating at a> s = 6 rad/s, determine the angular j v ° = *<* + 

velocity <u c of the planet carrier. Note that C is pin- 

connected to the center of each of the planet gears. \y " ° + V r) 


co p = 6 rad/s 

f r 

I 





13 **/l 


/? 






16-73. The mechanism shown is used in a riveting 
machine. It consists of a driving piston A, three links, and 
a riveter which is attached to the slider block D. 
Determine the velocity of D at the instant shown, when 
the piston at A is traveling at v A - 20 m/s. 



K inematic Diagram : Since link BC is rotating about fixed point B, then v c 
is always directed perpendicular to link BC. At the instant shown. v c 
= -u c cos 30°i + u c sin 30°j = -0.8660o c i + 0.500u c j. Also, block D is 
moving towards the negative y axis due to the constraint of the guide. Then. 
v o = ~Voi- 

Velocity Equation : Here, v A = {-20cos 45°i + 20sin 45°j} m/s 
= {-14.14i + 14.14j} m/sand r CIA = {-0.3cos 30°i + 0.3sin 30°j } m 
= {-0.2598i +0.150j} m. Applying Eq. 16- 16 to link AC, we have 

V C = V A + a 3 AC' xr CIA 

-0.8660o c i + 0.500t> c j = -14.14i + 14.14J + ( oi A c k) x (-0.2598i + 0.1 SOj) 
-0.8660o c i+0.500u c j = -(14.14 + 0.150{0^ c )i + (14.14 - 0.25980) A<r )j 

Equating i and j components gives 


—08660u c =-(14.14+0.150tB AC ) [1] 

0.500u c = 14.14 - 0.2598ta AC {2] 

Solving Eqs.[1] and (2) yields 

'“xc = 17.25 rad/s u c = 19.32 m/s 

Thus, v c ={-19.32cos 30°i + 19.32sin 30°j} m/s = {-16.731 + 9.659j} m/s 
and r D/c = {-0.15cos 45°i-O.lSsin 45°j } m = {-0.106H —0.1061J} m. 
Applying Eq. 16- 16 to link CD, we have 

Vo = v c + co CD xr D/c 

-v D j = -16.731+ 9.659j + ( ru co k) x(-0.1061i-0.1061J) 

-ti D i = (0.1061 ta co -16.73) i + (9.659 - 0.1061 a CD ) j 

Equating i and j components gives 

0 = 0.1061q) cd -16.73 [31 



1/t z Zo 



-v D = 9.659 - 0.1061 <a ro 


Solving Eqs.[3] and [4] yields 


a>co = 157.74 rad/s 
u 0 = 7.07 m/s 





16-74. In an automobile transmission the planet pinions 
A and B rotate on shafts that are mounted on the planet- 
pmion carrier CD. As shown, CD is attached to a shaft 
at E which is aligned with the center of the fixed sun-gear 
S. This shaft is not attached to the sun gear. If CD is 
rotating at co CD = 8 rad/s, determine the angular velocity 
of the ring gear R. 1 



V * " v, + « x r c „ 

11 " 0 + (-a*) x(O.OJj) 


« 20 rad/s 


v * = v, + r,. 


v * “ 0 + (~20k) x (O.lj) 


** - 21 






r (0.123 + 0.05) “ 


16-75. The two-cylinder engine is designed so that the 
pistons are connected to the crankshaft BE using a master 
rod ABC and articulated rod AD. If the crankshaft is 
rotating at w = 30rad/s, determine the velocities of the 
pistons C and D at the instant shown. 



co = 30 rad/s 


r c - + »c/a . ■.... 

v e - 1.5 + (0.25)0) 

v c coo45° - 1.5 - ® c (0.25)(co.30”) 
(+4.) v c ain4S° - 0 + ® c (0.25)(aia30°) 
v c - 0.776 m/a Am 

a> c — 4.39 rad/* 


“ T # + r A/M 

v A m 1.5 + [0.05(4.39) - 0.2195] 

-» *- Xl<5* 


T 0 “ T A + 

v„ - 1.5 + 0.2195 + ®-(Q.25) 

MS’ 450-7 A S ' 

(\+) v„ m - 1_5 »in45“ 
v p - 1.06 m/a \ Ana 


\ft* 1.5-Vs 




,0.2115 

45- 


-c - T a + o)ac x r c/ , 

— v c coa4S°l - v c ain4S“J - (30k)X(0.05J) +• (®j C k) x (0.25coa60°l + 0.23ain60*J) 
-v c coa45° - -1.5 - ® JC (0.2165) 

-» c ato45° « 0.125m, c 
v c ■ 0.776 no/* An* 

o>bc m 4 -39 rad/s 

' 111 . 1111 . . Ill .r. .1——riin - iFTii T .ni- —- w . . . . . 

v D m v A + (o AD X r m 

v„eoa45»l - v D ain45”J - (30k) x (O.OSJ) + (-4.39k) x (O.QScoa451 + 0.05ain45“J) + 

X (-O.25coa45“l + 0.25ata45“J) 

*0*0*49° - -1.5 + 0.1552- ®4 O (0.1768) 

— vp ain45° - 0.1552 - 0.176*®.. 


a AD « 3.36 rad/a 


.06 m/a . , 




16-76. If the slider block A is moving downward at 

v A = 4 m/s, determine the velocities of blocks B hnd C „ v , v 

at the instant shown. * A “ A 

^ = 4i + <o Ai (0.55) 

(4) v a = 0 + <a A ,(0JS)(|) 

(+ t) 0 = -4 + o> A ,(0.55)(|) 

Solving, 

ffl AJ = 9.091 rad/s 
v, = 3.00 m/s Ans 

▼JO = V A + V UA 

JJd = 4 + [(0.3)<9.091) = 2.727J 

i *>, 

y C = y D + y C/D 






Wfet 



v. 


o c « 4 + 2.727 + <n CJ r(0.4) 

-» 4 *£ 3 Si 30” 

4 

+ 3 

(4) v c - 0 + 2.727<-) - fi) c ^0.4){sm30°) 

4 

(+ T) 0 * -4 + 2.727(-) + fi) C£ (0.4)(cos30°) 

<O CB ■ S/249 rad/s 

v c « 0.587 m/s Ans 

Also: 


▼»=»<+ *A»**VA 

▼si * -4J + (-® A ,k)x(y (0.55)1 + |(0^55)j} 

▼s - d>ss(0-33) 

0 = -4 + 0.44m AA 
<o A , = 9.091 rad/s 
Vg — 3.00 m/s Ans 

v 0 = v A + w A ,xr m 

v 0 = -4J + (-9.091k) x{y (0.3)1 + j (0.3)J) 
y D = {1.6361 - 1.818J} m/s 


v c = ▼« + «>CS X «C/D 


v c i = (1.6361 - 1.818J) + (-m c£ k) X (-0.4cos30°l - 0.4sin30“j) 
v c = 1.636 - 0.2 co CE 

0 » - 1.81S >- ft3464fl>£. E -~ 

<»£•£ = 5.25 rad/s 


v c = 0.587 m/s 


Ans 




16-77. Mechanical toy animals often use a walking 
mechanism as shown idealized in the figure. If the driving 
crank AB is propelled by a spring motor such that 
u>ab — 5 rad/s, determine the velocity of the rear foot E 
at the instant shown. Although not part of this problem, 
the upper end of the foreleg has a slotted guide which is 
constrained by the fixed pin at G. 



v c = 2.21 in./s 


oigc — - « 2.21 rad/* 

v e = (221)(2) - 4.42 in./s An* 

Also: 

= “a* * **M 
»c “ x r c/o 
▼ c =* v s + ei x r c „ 

(ai gc k) x(cos60°i + sin60°J) - (-5k)X(0Jco*50°l + 0.5sinJ0°j) + (fl*)x(-3i) 
-0.866a) ic - 1.915 
0.501 b: - -1.607 - 3fl> 

®*c “ -2.21 rad/s 


a> = -0.167 rad/s 

v„ - 2(2221) - 4.42 in./s 


An* 





16-78. Solve Prob. 16-51 using the method of instanta¬ 
neous center of zero velocity. 

v B = 500(0.1) = 50 m/s 


Since IC is at co 


ai = 0 


vc = t's = 50 m/s Ans 




16-79. Solve Prob. 16-54 using the method of instanta¬ 
neous center of zero velocity. 

‘ 0 = olk =6J9Tad/s 

vc = 6.79(0.2415) = 1.64 m/s <— Ans 



*16-80. Solve Prob. 16-62 using the method of instan¬ 
taneous center of zero velocity. 

Instantaneous center for link BC is at infinity. 

v c = v B = 6(0.075) = 0.45 m/s 


0.45 

&cd = = 3 rad/s 


cor ~ 3 



12.0 rad/s 


Ans 


www.elsolucionario.r 



16-81. Solve Prob. 16-61 using the method of instanta¬ 
neous center of zero velocity. 


Vg = 3 m/s 


d, = l = 0.375 m 
8 


d 2 = 1.5-0.375 = 1.125 m 

Vo = 8(1.125) m = 9 m/s «- Ans 



16-82. Solve Prob. 16-62 using the method of instanta¬ 
neous center of zero velocity. 


Mass center G is the instantaneous center. 


ra> = tr fl 


v 8 

a) = — = — = 5.33 rad/s Ans 
r 1.5 

G 



16-83. Solve Prob. 16-63 using the method of instanta¬ 
neous center of zero velocity. 


vp — (80)(5) = 40 m/s 


(Op 


‘tUU \ 

—— = 5 rad/s J 
80 #■ 


Ans 


i>c = (5) (40) = 200 mm/s 

200 k 

<OA = (S 0 T 40 ) = L61iad/s r Ans 



v P = 400 m/m/s 


net 



*16-84, Solve Prob. 16-65 using the method of 
instantaneous center of zero velocity. 


When radial lines extend from B and C, they intersect at B, thus the IC is at B and 
so 



maht 


of j 



4 

’■cue = - = 1.33 ft 

26 

r Aiic = ~ - t . 33 ft = 0.833 ft 


v * =3(0.833) = 2.5 ft/s 


Ans 











16-87. The shaper mechanism is designed to give a slow 
cutting stroke and a quick return to a blade attached to the 
slider at C. Determine the angular velocity of link CB at 
the instant shown, if the link AB is rotating at 4 rad/s. 



« = 4 rad/s / 


125 mm 




W 300 mm 


Kinematic Diagram: Since link AB is rotating about fixed point A , 
then Vg is always directed perpendicular to link AB and its magni¬ 
tude is vb = ^abCab = 4(0.3) = 1.20 m/s. At the instant shown, vg 
is directed at an angle 30° with the horizontal. Also, block C is moving 
horizontally due to the constraint of the guide. 

Instantaneous Center: The instantaneous center of zero velocity of 
link BC at the instant shown is located at the intersection point of 
extended tines drawn perpendicular from Vg and v c . Using law of 
sines, we have 


r B/ic _ 0.125 
sin 45° sin 30° 


r B/tc — 0.1768 m 


sin 105° sin 30° 


rc/ic = 0.2415 m 


The angular velocity of bar BC is given by 


vb 1.20 

" SC= ^ = 0l768 =6 ' 79rad/S 



Vb = 1.20 m/s 


IViViVJW Hi] IIM M ifel i Ml i WI 



*16-88. At the instant shown, the disk is rotating at 
co = 4 rad/s. Determine the velocities of points A, B, 
and C. 



The instantaneous center is located at poinlA. Hence, 
f cnc = 70.15 2 +0.152 = 0.2121 m r Bnc = 0.3 m 
v B = to r B , IC = 4(0.3) = 1.2 m/s 
v c = r C n C = 4(0.2121) = 0.849 m/s 






16-89. The wheel rolls on its hub without slipping on 
the horizontal surface. If the velocity of the center of the 
wheel is v c = 2 ft/s to the right, determine the velocities 
of points A and B at the instant shown. 


v c = or cue 

<u= 8 rad/s 

v,=dr„ /c=8 (j!) = 7.33 ft/s - Ans 

= ^ //c=8 (tt] = 2.83 ft/s Ans 
9 * =«n~ , (!) = 4 5 '> Ana 


16-90. If link CD has an angular velocity of to CD = 
6 rad/s, determine the velocity of point E on link BC and 
the angular velocity of link AB at the instant shown. 


vc = o\ro(r C D) = (6X0.6) =3.60 m/s 
v c 3.60 


COgc = 


’’cue 0.6 tan30° 


= 10.39 rad/s 



r 0.6 n 


n - - uu. 

■ cos30 °J 

| — /. ZU 111/5 


v» 7.20 v 

= — = 7-77 , —- = 6 rad/s ; Ans 

’AB ( °- 6 

Vsin30 c 


'>»• •• fti BGlsue. s. Ifl . 3 9 t (0.6.td n 3 0 3 i~ t H3-3)A. = 4 . 76 a / s_Ans 


e^ian-'f- - - 0 3 1 = 40.9° A 
\0.6tan30°/ 


Ans 




16-91. If link AB is rotating at o) AB = 6 rad/s, determine 1 
the angular velocities of links BC and CD at the instant 
8 = 60°. 


'ic-t = 0.3cos30° = 0.2398 m 



*16-92. Determine the angular velocity of link AB at the 

instant shown if block C is moving upward at 12 in./s. 4 _ r >c-* m r «?r c . 

sin45° sin30° sin 105° 


r K _ c *= 5.464 in. 



6.211 - ( 0 At ( 5 ) 


m AB = 1.24 rad/s An* 



16-93. As the car travels forward at 80 ft/s on a wet 
road, due to slipping, the rear wheels have an angular 
velocity w = 100 rad/s. Determine the speeds of points 
A, B, and C caused by the motion. 



1.4 fr A lOOrad/s - i.6i2(i00) = 161 ft/s An* 











Vo = 1.00*4325} * 9A3 tUi 
8 = 45° + 10.80° = 55.8° 






16-97. Due to slipping, points A and B on the rim of the 
disk have the velocities shown. Determine the velocities 
of the center point C and point E at this instant. 



16—j _ x_ 

s to 
5 jc « 16 - 10* 

X = 1.06667 ft 
10 

* * L06M7 = 9 ' 375r * a/ * 
v c — °X r ;c-c) 

= 9.375(1.06667 - 0.8) 

= 2-50 ft/s Ana 

V E = *%_.) 

= 9.373^(0.8)* + (0.26667) 2 
= 7.91 lt/s Am 



W-m The mechanism used in a marine engine concki 
°Rn n" 8 C Crank AB and two conne cdng rods BC an 

thf crnnkT Tn 6 ? "*** ° f the piSt °" « C *1. taS 
v«LT“Sf5 :Lz, p “"' on Ihow " ”‘ l 


v» = 0.2(5) = 1 m/s -> 


Member jSC : 

r ciic _ 0.4 
sin60° sin45° 



r ciic = 0.4899 m 

r a/ic _ 0.4 
sin75° " sin45° 

r BHC = 0.5464 m 

^ C = oSi 64 = I 830rad/s 



v c = 0.4899(1.830) = 0.897 m/s / An. 






16-99. The mechanism used in a marine engine consists 
of a single crank AB and two connecting rods BC and 
BD. Determine the velocity of the piston at D the instant 
the crank is in the position shown and has an angular 
velocity of 5 rad/s. 


v a = 0.2(5) = 1 m/s 


Member BD : 


i'biic _ 0-4 
sin!05° sin45° 



rtnc =0.54641 m 

rp/ic _ 0-4 
sin30° sin45° 

Tqhc — 0.28284 ra 


a%D = 0l464l = 1 ' 83Ot * d/S 


o.+£Q , 


, = 1.830(0.28284) - 0.518 m/s \ Ans 







♦16-100. The square plate is confined within the slots at 
A and B. When 6 = 30°, point A is moving at v A - 8 m/s. 
Determine the velocity of point C at this instant. 


rA/(C =0.3cos30°= 0.2598 jn 

_L_ =30.792 rad/s 
““ 0.2598 

ralc = 7(0^2598^+ (0.3) 2 - 2(0.2598Xolj^60 ; = 0.2821 m 

v c . (0.2820(30.792) = 8.69 ra/s An* 

sin* sin 60° 

= 0.2821 

0 = 67.09° 

6 = 90° - 67.09° = 22.9° \f An* 


16-101. The square plate is confined within the slots at 
A and B. When 6 = 30°, point A is moving at v A = 8 m/s. 
Determine the velocity of point D at this instant. 

r A/K = 0.3cos30° = 0.2598_m 

fi>=—=30.792 rad/s 
0.2598 

r mc = 0.3sin30° = 0.15 m 

n»K »v/(03) H- ( e :t5) »-- 2(0.3)(0. 15 )cos3 0°-=&1859tp 

v D = (30.792X0.1859) = 5.72 m/s An* 

sin* _ sin30° 

0.15 “ 0.1859 




















*16-104. The similar links AB and CD rotate about the 
fixed pins at A andC, If AB has an angular velocity a> A /} » 
8 rad/s, determine the angular velocity of BDP and the 
velocity of point P. 



Kinematic Diagram : Since link AB and CD is rotating about fixed points A 
and C then v B and v 0 are always directed perpendicular to link AS and CD 
respectively. The magnitude of v s and v 0 are v B = 0 ) /lB r /tB = 8(0.3) 1 
= 2.40 m/s and v D = co CD r CD = 0.3<d co . At the instant shown. v fl and v r , 
are directed at 30° with the horizontal. 

■ Instantaneous Center : The instantaneous center of zero velocity of link 
BDP at the instant shown is located at the intersection point of extended lines 
drawn perpendicular from v a and v D . From the geometry. 


0.3 

r BIIC = , A „ = 0.600 m 

cos 60 


■ =0.3tan 60°+0.7 = 1.220 m 


The angular velocity of link BDP is given by 


v B 2.40 

0> BDP ~ - - n - 4 00 ra d / 'S 

r BUC 0.600 


Ans 


Thus, the velocity of point P is given by 


tip — co B j.j p t p, ■(■ = 4.00(1.220) — 4.88 ro/s t— 


Ans 





16*105. At a given instant the bottom A of the ladder 
has an acceleration a A = 4 ft/s 2 and velocity v A = 6 ft/s, 
both acting to the left. Determine the acceleration of the 
top of the ladder, B, and the ladder’s angular acceleration 
at this same instant. 


0.75 nd/s 


a, =a A + (<%,„), + (a, M ), 




“ 4 + (0.75) 2 ( 16) + o(i6) 

A <_ j,7 »■ |\, 


(«-) 0 = 4+ f0-75) 2 C IS)coa30° - od 6 )sin 30 « 

(+A) a, = 0 + (0.75) J (16)sin30° + 0(16) cos 30° 
Solving, 

e = 1.47 nd/s 1 A ns 

4s = 24.9 ft/s 1 A Ans 




«s * a„ + o x r i/(l - arr„ A 

" %J = -41 + X(16c “ 30 ° i + I6sta30°j) - (0.75) J ( 16cos30°i + 

0 = -4 - 8o - 7.794 

-a, m 13.8560 - 4J 

o = 1.47 nd/s 1 Ans 

4s a 24.9 ft/s 1 1 Ans 


16sin30 o j) 


16-106. At a given instant the top B of the ladder has 
an acceleration a B — 2 ft/s 2 and a velocity ofv B = 4 ft/s, 
both acting downward. Determine the acceleration of the 
bottom A of the ladder, and the ladder’s angular 
acceleration at this instant. 



= 0^SS675 rad/s 



-o A i = -2J + (ok) x(— 16cos30°l - 16sln30°j) - (0.288675) 1 (-16co®30»l - 


0 » -2 - 13.856o + 0.6667 
a = -0.0962 nd/s 1 - 0.0962 nd/s 1 J Ans 
4. - -0.385 ft/,* = 0.385 ft/, 1 -, 


*mrrxJL/s 






16-107. At a given instant the top end A of the bar has 
the velocity and acceleration shown. Determine the 
acceleration of the bottom B and the bar’s angular 
acceleration at this instant. 



at ■ j « 1.00 rad/s 

■*“*» + *,!A 

Og - 7+10 + 0(10) 

-> i M® - Z-W 

(A) % = 0- 10sin30“ + a( 10) cos 30° 

(+ T) 0 = -7 + 10cos30° + a(10)sin30 o 
a - -0.3321 rad/s 2 = 0.332 rad/s 2 Ant 
a, = -7.875 ft/s 2 = 7.88 ft/s 2 <- Ans 


Also: 


sft 



»*=■*- <a 2 r^ + a x r SM 

dgi » — 7j - (l) 2 (10cos60“l - 10sin60°j) + («k)x(10cos60°l - 10sjo60°J) 
A a, = -10cos60° + a( 10sjn60°) 

+ t 0 = -7 + 10sin60° + o(10cos60°) 
a = -0.3321 rad/s 2 - 0.332 rsd/s 2 Ans 

Og = -7.873 ft/s 2 = 7.88 ft/s 2 <- 


Ans 






*16-108. At a given instant, the slider block A has the 
velocity and deceleration shown. Determine the 
acceleration of block B and the angular acceleration of 
the link at this instant. 



,= 1.5 m/s a. = 16 m/s 2 


m A3 = — = „ ‘ 5 - =-7.07 rad/s 
r Anc 0.3cos45° - 


%=«, tffxr SM - at r B/A 

-Agj = 16i + (ok)x (0.3 cos45°i + 0.3 sin45°j)-(7.07) 2 (0,3 cos45°i+0.3 sin45 4 j) 
(4) 0= 16-«(0.3)sin45°-(7.07) 2 (0.3)cos45° 

(+±) a B = 0 - a(0.3)cos45° + (7.07) 2 (0.3)sin45° 

Solving: 

<x A b = 25.4 rad/s 2 5 Ans 
a»= 5.21 m/s 2 -l Ans 



V s "* 


8 





16-109, The wheel is moving to the right such that it has 
an angular velocity m = 2 rad/s and angular acceleration 
a = 4 rad/s 2 at the instant shown. If it does not slip at A, 
determine the acceleration of point B. 


Since no slipping 


a = 4 rad/s 2 
oa = 2 rad/s 



Oc - ar « 4(1.45) * 5.80 ft/s a 


** “ + *s/c 


a, - 5.80 + (2) 2 (1.45) + 4(1.45) 


(-*) (a,) x = 5.80 + 5.02 + 2.9 = 13.72 

j (+1) (<%),= 0 - 2.9 + 5.02 - 2.12 


^(13.72)2 + (2.12) 2 = 13.9 ft/s 2 


0 „ = 8.8oo 

*■ 13.72'* 


r^a, )U»Vs’ 


a j M + ff x r a/c — 4> 2 Is/c 

a* = 5.801 + (-4k) x(-1.45cos30°i + 1.45sin30°j) -<2) 2 (-1.45cos30“i + 1.4Ssin30“j) 
a, = {13.721 + 2.123JJ ft/s 2 
<% - /(13.72)2 + (2123)2 . 13.9 ft/ s 2 Ans 

, 2123 

9 s tan '(-—-) = 8.80“ <£» Ans 


16-110. At a given instant the wheel is rotating with the \ 
angular motions shown. Determine the acceleration of 
the collar at A at this instant. 

See Prob. 16-59. 
a - 4.16 rad/s 
«A “ *S + *A» 


Mgr 



B 2.4 + 9.6 + (4.16) 2 (0.5) + 0(05) 

[ «- Z-«°* Vw M "* 

I: ( 4) I***?.? 9*coe*r.-r **«•«* - 

(+t) 0 - 2.4sta60“ - 9.6stn30“ - 8.65sin60° + 0(0.5) co«60“ 

a - 40.8 rsd/s 2 ") 

eja - 12.5 m/s 1 «- Ans 


e, ■ t. + a x x A „ — is r A« 


, 1 . (8)2(0.15)( C os30^l - (8) J (0.1S)sin30“j + < 16X0.15) sin30«t + (16)(0.15)cos3<n 
+ (ak) x(0.5co*60“i + 05sto«0“J) - (4.1« 2 (0.5co.601 + 0.Ssta60“J) 

- 8.314 + 1.200 - 0.433a — 4326 

0 . -4.800 + 2.0785 * 0.2SO - 7.4935 .-.—.——~ 


a - 40.8 rad/* 2 > 


12.5 m/s «- 


Ans 






16-111. The flywheel rotates with an angular velocity 
(o = 2 rad/s and an angular acceleration a = 6 rad/s* 
Determine the angular acceleration of links AB and BC 
at this instant. 


= *A + *A/A 



Also: 


** = “a + a A , x r iM - 
f0.6) J 

-(«.),! " -jj-i - -6(0J)I - (2)’(0.3)j + (a„,k) x (0.4i - 0.3j) - 0 


-(«.), = - 1.8 + 0.3OU, 


-0.9 = -1.2 + 0.4 a AA 
a At = 0.75 tails 1 } 
(i%), - 157J m/s 2 


a,e = 


1.575 

0.4 


Ans 


Am 


o-l" 


3.94 tails 2 ") 





*16-112. At a given instant the wheel is rotating with 
the angular velocity and angular acceleration shown. 
Determine the acceleration of block B at this instant 



a> = 2 rad/s 
a = 6 rad/s 2 


v* - + v BIA 

v, - 0.6 + (8(0.5) 

l xr ~7 ^\T < 5 ° 

•4 0 = -0.6008 30° + £8(0.5) cos45° 

co = 1.470 rad/s 



«* = + “sm 

<% = 1.8 + 1.2 + (1.47O) 2 (0J) + 0(0.5) 

i *r\J 4J . 7 V4S- 

(4) o - -1.8 cO630° - 1.2sin30° - 1.08sin45° + o(0.5)eos45° 

(+i) £jg = 1.8sin30° - 1.2cos30° + 1.08sin45 0 + a(0.5)sin45° 


a = 8.266 rad/s 2 

a, = 3.55 m/s 2 An* 

Also: 

v, =■»!+« x r gM 

-v g i = (—0.6cos3O°l - 0.6sln30°J) + (-a*)x 
0 « —0.6cos30° + £8(0.5sin45°) 



(0.5cos45°l + 0.5sin45°J) 


to - 1.470 rad/s 

•i * - ® 2 r,M + o x r»« 

-<%J “ (~1.2sta30°l + I.2cos30°J) + (~1.8cos30°l - 1.8sln30°j) 

+ (-ok) x (0.5cos45°i + 0.5sin45°j) 

0 - -1.2sto30° - 1.8cos30° - (1.470) 2 (0.5cos4S°) + O(0.5sin45°) 

-Og = 1.2cos30° - 1.8sin30° - (1.470) 2 (0.5sln45°) - Q(0.5sin45°) 

a = 8.266 rnd/s 


a, = 3.55 m/s 


Ant 






(0=3 rad/s 
a-% rad/s 2 


16-113. The disk is moving to the left such that it has 
an angular acceleration a = 8 rad/s 2 and angular velocity 
<u=3 rad/s at the instant shown. If it does not slip at A, 
determine the acceleration of point B. 



a c = 0.5(8) = 4 m/s 2 

= *c + a sic 



' 



a. =[4] + 

(3) 2 (0.5) 

+ 

(0.5)(8) 






{~*J <a « h =-4 + 4.5cos30° + 4sin30° = 1.897 m / s 2 

( + (“a), = 0 + 4.5sin30 o -4cos30° = -1.214 m/s 2 
a ‘ = 897)2 +(-1.214)2 = 2.25 m/s J 

e = tan ''(S 4 ) = 32 - 6 ° ^ An. 

Also, 

a« = ac + a x r BIC - a?r B/c 





i + (a* ), j = -41 + (8k) x (-0.5cos30°i - 0.5sin30° J) - (3) J (-0.5cos 30°i - 0. Jsin30°j) 
(->) (a s ) x = -4 + 8(0.5sin30°) + (3) 2 (0.5cos30°) = 1.897 rn/j 2 

( + 12- fair = 0 ~^ 19. 1 cq s 3Q° ) > n\ 2 m , 5 s m 3 fl°~ i = - 1 _ 



/. 2-/4*n a i 





16-114 The disk is moving to the left such that it has 

an angiilaracceleration a = 8 rad/s 2 and angular velocity 
a) = 3 8 rad/s atthe instant shown. If it does not slip at A, 
determine the acceleration of point D. 


<b= 3 rad/s 
a = 8 rad/s 2 



ac = 0.5(8) = 4 m/s J 


ao = ac + *dic 


S , (0S)'^/ s x 


■afco.s) 


*,,=[ 4 ] + (3) 2 (0.5) + 8(0.5) 

" [ A” [ 

^ (a D ), = -4 - 4.5sin45° - 4cos45° = -10.01 m/s J 

(+T) (a D ), = 0-4.5cos45° + 4sin45° = -0.3536 m/s 1 

9=ttn -i('®J^\=2.02“ An* 

l 10.01 ) 

a D m yT-10.01) 1 + (-0.3536P = 10.6 m/s 1 ? An* 


*0 = ac + <* x r Die — 

(ao), l + (a D ),J = -41 + (8k) x (0.5cos45°i+0.5sin45°j) - (3)* (O.5cos45°i+0.5sin45«J) 
(a 0 ), =-4-8(0.5sin45°) - (3) 1 (0.5cos45°) = -10.01 mis 1 
(+ T) (ao)» = +8(0.5cos45°)-(3) 2 (0.5sin45°) = -0.3536 mis 1 

•—"firar )- 2 ®' 7 *“ . 



Sea 


/ 0.0 !'>*>/{*- 




* » « «»l/s a. 






»10.0 m/s J An* 






16-115. The hoop is cast on the rough surface such that 
it has an angular velocity cv = 4 rad/s and an angular 
acceleration a = 5 rad/s 2 . Also, its center has a velocity 
Vo — 5 m/s and a deceleration cio = 2 m/s 2 . Determine 
the acceleration of point A at this instant. 


a,i = ao + S/i/o 


a/1 = [2] + [( 4 ) 2 j0-3)] + [5(0.3) 

1_1 

— [3?] + M 


o,i = 5.94 m/s 2 

Ans 

9 = tan -1 =53.9° 17 

Ans 

Also: 


a a = a 0 - ostta/o + a x r A/0 


* A = -21 - (4) 2 (0.3j) + 5k x (0.3j) 


a^ = 1 — 3.51 -4.8j) m/s 2 


o,i = 5.94 m/s 2 

Ans 

= j = 53.9° ~7 

Ans 



0.3 m 



*16-116. The hoop is cast on the rough surface such 
that it has an angular velocity w = 4 rad/s and an angular 
acceleration a — 5 rad/s 2 . Also, its center has a velocity 
of vo = 5 m/s and a deceleration ao =2 m/s 2 . Deter¬ 
mine the acceleration of point B at this instant. 


a* = a<> + a b/o 

a 8 = [2] + [5(a3)] + [(4)^0.3)J 
... [4.333] + [««] 


an = 6.21 m/s 2 


Ans 


6 = tan" 1 





Also: 



as = a 0 + a x r B /o - <o 2 r B /o 


a B = —21 + 5k x (0.3 cos 45°i - 0.3sin45°j) - (4) 2 (0.3cos45°i - 0.3sin45°j) 
a* = {—4.333i + 4.455j) tn/s 2 
<ij = 6.21 m/s 2 Ans 



iWiVW HSIIIMMils dhiiM 



16-117. The disk rotates with an angular velocity a) = 
5 rad/s and an angular acceleration a = 6 rad/s 2 . Deter¬ 
mine the angular acceleration of link CB at this instant. 


I l.y a CH 



The 1C is at oo. Thus 


va = Da = 2.5 ft/s 


2.5 

(o BC = — = 1.667 rad/s 


a fi = a /1 + a«//t 


(Ofi), + 4.167 = 3 + 12.5 + 2a \b 

t ^ t y- 


(5) 2 (0.5)= 12.5 ft/s 2 D 


<1.667) 2 (1.5) = 4.167ft/s 

„ b\ 


«AJ5 

6(0.5) = 3 ft/s 2 


(<—) (a b), = 3 — 2a as sin30° 


(+t) 4.167= 12.5 +2a„ a cos 30° 


«/i/t = -4.81 rad/s 2 = 4.81 rad/s 2 ^ 
(as), = 7.81 ft/s 2 
«sc = yy = 5.21 rad/s 2 ^ 


a 8 = a A + eras x r SM - <o 2 r B/A 


(«s)ri + 4.167j = (3i + 12.5j) -0 + (a AB k) x (2cos30 = i + 2.sin30°j) 


(«b)> = 3 - 2a ab sin 30° 


4.167= 12.5 + 2a ab cos 30° 


a AB = -4.81 rad/s 2 = 4.81 rad/s 2 


(a B ), = 7.81 ft/s 2 


7.81 , k 

asc — yy = 5.21 rad/s" J* 


www.eIsolucionario.net 



16- 118. At a given instant, the slider block B is traveling 
to the right with the velocity and acceleration shown. 
Determine the angular acceleration of the wheel at this 
instant. 


Velocity Analysis : The angular velocity of link AB can be obtained by using 
the method of instantaneous center of zero velocity. Since v,, and v s are parallel, 
r AIIC = r Bnc = ~. Thus, co AB = 0. Since 0) AB = 0. v A = t>* = 6 in./s. Thus, 

v A 6 

the angular velocity of the wheel is = — — 7 53 1-20 rad/s. 

r OA 3 

Acceleration Equation ; The acceleration of point A can be obtained by 
analyzing the angular motion of link OA about point O. Here, r 0A = {5j} in. 

U A — a tv * r OA ~ a *W r OA 

= (-a w k)x(5j)-1.20 2 (5J) 

= {5a w i-7.20j} in./s 2 

Link Afl is subjected to general plane motion. Applying Eq. 16- 18 with r BM 
= {20cos 30°i - 20sin 30°j} in. = {17.321 - 10.0J) in., we have 

+a AB X r BIA ~ 0> AB r SM 

31 = 5 a w i - 7.20J + k x (17.321 - 10.0J) - 0 
- 3 i a (i o .O « A j 4- Sa w ) i + ( 17.3 3 ot JU , ~7 . 2 0 )j - 

Equating i and j component, we have 

111 
12 ] 


3 = 10.0of^ B +5a w 
0= 17.32a BS -7.20 


Solving Eqs.(l] and [2] yields 


a AB =0.4157 rad/s 2 
<x w = -0.2314 rad/s 2 =0.231 rad/s 2 


Ans 


16-119. The ends of the bar AB are confined to move 
along the paths shown. At a given instant, A has a velocity 
of 8 ft/s and an acceleration of 3 ft/s 2 . Determine the 
angular velocity and angular acceleration of AB at this 
instant. 


g 

m = - = 2 rad/s } Ans 

v 8 = 4(2) = &-ft/s 

(as), = — = 16 ft/s 2 
4 


>8 = *8 + «BM 


16 

+ 

(as)r 

= 

-3 


0(4) 

+ 

(2) 2 (4) 

- K - 


L 


i 






(4) 16sin30° + (a,), cos 30° = 0 + a(4)sin60° + 16cos60° 

(+ t) 16cos30° - (a*),51030° = -3 + a(4)cos60° - 16 sin60° 
a = 7.68 rad/s 2 } Ans 

(a»), = 30.7 ft/s 2 
Also : 

■8 =» + <*bs X r »M - ofr alA 

(a*),cos30°i - (a,),sin30°J +• (—)sm30°i + (^)cos30°j = -3J 

_ 4 _4_ 

+ (<*) x(-4sin30°l + 4cos30°J) -(2) 2 (-4sin30°l + 4co*30°J) 

(->) (a*), cos 30° + 8 = -3.464a + 8 


(+ t) - (as),sin30° + 13.8564 = -3 - 2a -13.8564 





*16-120. Rod AB has the angular motion shown. Deter¬ 
mine the acceleration of the collar C at this instant. 


a,^ = 5 tad/s 
u ab = 3rad/ S 2-^^ 


[B/l£ _ 2.5 

sin 30° ~ sin 135° 

r n/ic = 1.7678 ft 

10 k 

03 = 1/7678 = ^ rad/S / 
(a B )„ = 5 2 (2) = 50 ft/s 3 
ac = afl + ac/* 




Clc ~ 6 ~ 

J 50 ' - 

h [ (5.66) 2 (2.5)" _ 

h [<*(2.5) ‘ 

J [ 45^ _ 

45^ 

L /fai* 




(->) «c = -6 cos 45° - 50 cos 45° + 80 cos 60° + a(2.5) cos 30° y 

C t> c 

(+t) 0 = 6 sin 45° - 50 sin 45° + 80 sin 60° - a (2.5) sin 30° 

6 ft 

a = 30.5 rad/s 2 ^ 

etc = 66.5 ft/s 2 -*• Ans 
Also, 

Vs = 5(2) = 10 ft/s 

4, 

Vc = V B 4- Vc/B 

— t'ci = — 10cos45°i + 10sin 45°j + wkx (-2.5 sin 30°i — 2.5 cos 30°j) 

(+t) 0=10sin45 — 2.5<nsin30° £ '60° 

u> = 5.66 rad/s 

ac = a B + a x r c/b - <o 2 r C / B 

(io ) 2 (io ) 2 

»c l — --— cos 45 l-—— sin 45°j — 6 cos 45°i + 6 sin 45°j 

4- (ak) x (— 2.5cos60°i - 2.5sin60°j) - (5.66) 2 (-2.5cos60°i - 2.5sin60°j) 
(-4) <ic = —35.355 — 4.243 + 2.165ar + 40 
(+f) 0 = -35.355 + 4.243 - 1,25a + 69.282 
a = 30.5 rad/s 2 ^ 
a c = 66.5 ft/s 2 — >• Ans 


^5.66 md/s 


v B = 10 ft/s 


www.elsoIucionario.net 






16*121. At the given instant member AB has the 
angular motions shown. Determine the velocity and 
acceleration of the slider block C at this instant. 



y 'i| 3 rad/s 

^"Tj" 2rad/s 2 


v, =3(7) = 21 in./s «— 
v c = v s +£»xr at 

- Vc (5)- Vc (i) = _2U+okX( " 5l ' 12J) 

-0.8v c =-21 + 12ffl 

(+T) -0.6v c =-5<» 

Solving: 
o)= 1.125 rad/s 

v c =9.375 in./s = 9.38 in. Is Am 

(a.). =(3) 2 (7) = 63in./sH ___ 

(a*)i = (2)(7) = 14in./s z «— 

«<:=»»+ ax Tai - often 

_ ac ^i-ac0^1 = -141-63J+(ak)x(—51— 12J)-(1-125)*(—51— 12J) 

-0.8ac = -14 + 12a+6.328 
— 0.6<ic * — 63 — 5 &+ 15.1875 


a c =54.7 in./s 2 


“2.1 W$- 






fa ^ 




















16-123. The tied crank and gear mechanism gives rock¬ 
ing motion to crank AC, necessary for the operation of a 
printing press. If link DE has the angular motion shown, 
determine the respective angular velocities of gear F and 
crank AC at this instant, and the angular acceleration of 
crank AC. 


Velocity analysis: 

v D = w UE r D/E = 4(0.1) = 0.4 m/s f 
Vfl = v 0 + V B /D 

v B = 0.4 + (£o g )(0.075) 

x* 30 - t 4 

(4) v B cos 30° = 0. vb = 0 
(•ft) = 5.33 rad/s 





Since v B = 0, t’<- = 0, co A c — 0 Ans 


coyr F = a) C r G 


co r = 5.33 



10.7 rad/s 


Ans 


Acceleration analysis: 


(«d)„ = (4) 2 (0.1)= 1.6 m/s 2 —* 

(a D ), = (20)(0.1) = 2 m/s 2 f 

(afi)n + (&b)i — (an) a + (a/,)r + (a b/o)» + (a a/oX 

0+ (a*)< = 1.6 + 2 + (5.33) 2 (0.075) + o c (0.075) 

t -*■ t 

(+t) sin 30° = 0 + 2 + 0 + a c (0.075) 

(4) (fig), cos 30° = 1.6 -f 0 4- (5.33) 2 (0.075) + 0 

Solving. 

(c‘b)i = 4.31 m/s 2 , a , ; = 2.052 rad/s 2 ^ 

Hence, 


(rig), 4.31 , , 

«ac = —— = 7-17= 28.7 rad/s 2 1 
i’b/a 0.15 #■ 


Ans 




*16-124. As the cord unravels from the cylinder, the 
cylinder has an angular acceleration of a - 4 rad/s 2 and 
an angular velocity of co = 2 rad/s at the instant shown. 
Determine the accelerations of points A and B at this 


a- 4 rad/s 2 
<» = 2 rad/s / 



a c = 4{0.75) = 3 ft/s 2 A 
= »c + axr A i C ~ afr AIC 
a, = -3j + 4k x (0.75J)—(2) 2 (0.75J) 
a A = {—3i — 6j} ft/s 2 





CXc. - s 3 


a A = /(-3)2 + (-6)2 =6.71 ft/s 2 


9=tan->(|) = 63.4» 7 


ag = ac + cc x rs/c — G^rs/c 


*C71 


a* ={3i-6j} ft/s 2 


a„ = / (3) 2 + (~6) 2 = 6.71 ft/s 2 


0=tan- l ^j = 63.4° Am 


- ttruJtfc* - 




'4c. = i?l/s*- 





16-125. The wheel rolls without slipping such that at 
the instant shown it has an angular velocity o> and angular 
acceleration a. Determine the velocity and acceleration of 
point B on the rod at this instant. 



Velocity: 


t + V 

(*~) V S 


= (-L) ( VW-^(M(i) 


V/) = 1.58 nxi 
Acceleration: 


+ . O) _ 

(*- ) ag — —co^a +aa —— (2«)cos30 + 


Ans 


( \/3 3 ^) 


(2a) sin 30° 


ag — 1.58 aa — 1.77 ora 


Ans 


MlimWsIHSIIIMMHsHb' 






16-126. At a given instant, the gear has the angular 
motion shown. Determine the accelerations of points A 
and B on the link and the link’s angular acceleration at 
this instant. 



to k 6 rad/s 
a =12 rad/s 2 


For the gear 

I)* = (iTaiic = 6(1) = 6 in./s' 

no = — 12(3)i = {-36i}in./s 2 t a ,o = {-2j} * n - a = {12k} rad/* 2 
a x = ao + a x - oftAio 

= -36i+ (12k) x (-2J) - (6) 2 (-2j) 

= {-12i+7?|} inJs 2 

a x = y(-12) z + 72 J = 73.0 in./s 2 An» 

0 = tm " , (l) = 8O ‘ 50 ^ A ” 

For link AB 

The/C is at so o>ab =0. 


It */Jc 


W\lvVv 


r*//c “ 




a*=a s i aa*=-«aak r* M ■ {8co*60 0 i+8*in60°J}in. 
a) * a A + a** xr»M - of fait 

a, i = (-121+ 72j) + (-«a* k) x (8cos60°l+8sin60°j)-0 

■ ^ a , = -l2+8sin 60°il8) * 113 inis 2 -> _ An * 

(+ T) 0 = 72-8cos60°«a» «<a* ■ 18 rad/* 2 2 An* 


4- X 
<r r 
Wl.t 

jjvv M -o 







16-127. Determine the angular acceleration of link AB 
if link CD has the angular velocity and angular deceler¬ 
ation shown. 

1C is at oo, thus 
ojbc = 0 

v B = v c = (0.9) (2) = 1.8 m/s 
(a c )„ = (2) 2 (0.9) = 3.6 m/s 2 i 
(a c ), = 4(0.9) = 3.6 m/s 2 -» 

(a B )n = yy = 10.8 m/s 2 ! 
a B = a C : + a BC x r B/ c — ®lc r fl/c 


0.6 m 



= 4 rad/s 2 


= 2 rad/s 


(«s)/i — 10.8j = 3.6i — 3.6j + (o/sck) x (—0.6i — 0.6j) - 0 
(—► ) (o B )r = 3.6 + 0.6or B c 
(+f) - 10.8 = -3.6 - 0.6 a BC 

ctsc = 12 rad/s 2 
( a B ), = 10.8 m/s 2 

10.8 „ , v 

ff/i/i = yy = 36 rad/s- ^ Ans 



0.6 m/s 2 



*16-128. The slider block B is moving to the right with 
an acceleration of 2 ft/s 2 . At the instant shown, its velo¬ 
city is 6 ft/s. Determine the angular acceleration of link 
AB and the acceleration of point A at this instant. 


VB 6 

(Dab =-= — =0 t’a = v B = 6 ft/s 

r B;!c oo 


va 6 

“>ac =- = - = 2 rad/s 

r ac 3 

a/; = {2i}ft/s a,/, = (rj,0 A -i + (2) 2 (3)j = (cM).,i + 12j 
“a b - r B/A = {4i + 3j} ft 

a B = a.A + o ’-AB X rB/A — w\ b Tb!a 
2i = f(aA). ( i + 12j] + (-o-aak) x (4i + 3j) — 0 
2i = [(«a)., + 3ot AB |i + (12 — 4a AB )j 


0 — 12 — 4 a Ali 

a AB : 

= 3 'rad/s 2 

Ans 

2 - (a A ) x + 3(3) 

(«a)x 

= -7 ft/s 2 




a B = 2 ft/s 2 
v g = 6 ft/s 



a,, = (—71 + 12jJ ft/s 2 

a A = y/TW+Tr- = 13.9 ft/s 2 Ans 

12 

0 = tan -1 y = 59.7° ^ Ans 


feTtlllMM 





16-129. The ends of the bar AB are confined to move 
along the paths shown. At a given instant, A has a velocity 
of v A = A ft/s and an acceleration of a A = 7 ft/s 2 . 
Determine the angular velocity and angular acceleration 
of AB at this instant. 



v, • 4+ 0*4.788) 

W\ i N] 51.21' 

<-!») - v, cos30* = 0 - <0(4.788) tin5 Wi¬ 

lt-1) v,sin30° a -4 + ffl(4.788)co«51.21- 
Vj a 20.39 ft/s 
m m 4.73 nd/s ^ Au 

*«“».+ *SM 

4 + 207.9 = 7 + 107.2 + 4.788(a) 

irJv arT' A 7 jut- Nl sioi- 





(4) 4 cot 30- + 207.9cos60* a 0 + 107.2cos51.21- + 4.788a(sin51.21-) 
(+t) ntin30“-207.9sm«0“ - -7 - 107.2tra51.21- + 4.788a(cos51.21°) 


4 ( 0 . 866 ) - 3.732a = -36.78 


^(05) - 3a a 89.49 


4 - -607 ft/s* 


a a -131 nd/t 1 a 131 nd/s 1 J A ns 

Also: 


t i eT a = ®x r B , A 

-v,cos30°l + v # sin30*J « -4j + («k) x(3l + 3.732J) 
— v a cos30° a -<**3.732) 
v,sin 30° * -4 + a(3) 
co = 4.73 rad/s *) Aim 
v, = 20.39 ft/s 

*!=*<- + « X r»M 



(-4 cos30°1 + 4 sin30-j) + (-207.9eot60-l - 207.9sin60“j) a -7J -(4.732) J (3l + 3.732j) 
-+ (ak)_2C (3L+ 3.7321)____ 

-4cos 30- - 207.9cos60- a -(4.732> 1 (3) - 0(3.732) 

4 sin30* - 207.9sin60- = -7 -(4.732)*(3.732) + a(3) 

4 a -607 ft/t 1 


a a -131 nd/s 1 = 131 nd/t 1 J 


A ns 






16-130. At a given instant, the cables supporting the pipe 
have the motions shown. Determine the angular velocity 
and angular acceleration of the pipe and the velocity and 
acceleration of point B located on the pipe. 


Vs = V A + \ B/A 


(+4) 5 = 6 —a>(4) 


w = 0.25 rad/s ^ 

Ans 

v B = 5.00 ft/s 4- 

Ans 



as = a A 4- 

1.5 + (« a ), = 2 + (a A ) x + (a)(4) + <0.25) 2 (4) 

4 -» f «- 4 -*• 

(+1) 1.5 = —2 + a(4) 
a — 0.875 rad/s 2 ^ Ans 
as = ao + a B / 0 

1.5 + ( a B ) x = a„ + 0.875(2) + (0.25) 2 (2) 

4 —* 4 4 —* 

(4.) (« s ), = (0.25) 2 (2) = 0.125 ft/s 2 
an = v'U-5) 2 4- (0.125) 2 = 1.51 ft/s 2 Ans 

Ans 

Also: 

5 

w = — = 0.25 rad/s Ans 

20 

vg = 5.00 ft/s 4, Ans 

a « = a A + a x t B /a - <o 2 t B /a 

- I.5j + (<i fl ). t i = 2j - (a A ) x i + (ak) x (-4i) - (0.25) 2 (-4i) 

— 1.5 = 2 — 4or 

a = 0.875 rad/s 2 ^ Ans 




ag = + a x r B /o — <*>~r bio 

- 1.5j H- (a,),! = -a 0 j + (ffk) x (-21) - (0.25) 2 (-2i) 

(«b).v = (0.25) 2 (2) = 0.125 

a B = v'n-5) 2 + (0.125) 2 = 1.51 ft/s 2 Ans 

6 =tan ~' (oTb) = 85 - 2 ° Ans 





16-131. Block A , which is attached to a cord, moves 
along the slot of a horizontal forked rod. At the instant 
shown, the cord is pulled down through the hole at O with 

an acceleration of 4 m/s 2 and its velocity is 2 m/s. of moving reference. 

Determine the acceleration of the block at this instant. 

The rod rotates about O with a constant angular velocity - « 
w = 4 rad/s. ^ „ 0 

a = 4k 



Motion of A with respect to moving reference. 



^ + a X x A ,o + n x (O x r A/0 ) + 2n 
= 0 + 9 + (4k) x (4k X 0.11) + 2(4k x(-2t)) -41 
a - {-5.601 - 16j} m/s 1 Ans 


*16-132. The ball B of negligible size rolls through the 
tube such that at the instant shown it has a velocity of 
5 ft/s and an acceleration of 3 ft/s 2 , measured relative to 
the tube. If the tube has an angular velocity of to - 3 rad/s 
and an angular acceleration of a - 5 rad/s at this same 
in stan t determine the velocity and acceleration of the 

ball. 


Kinematic Equations: 


vg = v 0 + £2xrg/o-t-(vg/o),a 


ag = »o + fixrg/o -i-£2x(£lxrgK>)-t-2Jlx(vg, 0 ) I „ +(»Bio\yt 


l 

4 - 

vj*. < 0.0 


B 


SI- {3lt} rad/s 


f)= {5k} rad/s 2 


r B io = {2i} ft 


TZirr'Q 


Substitute the data into Eqs. (1) and (2) yields: 

vg = 0+(3k)x(2i) + (5i) = {51+6J} ft/s 

a g = 0+(5k) x (2i) + (3k) x [(3k) x (21)] + 2 (3k) x (51)+(3i) 


= 131} ft/S 2 










16-133. The man stands on the platform at O and runs 
out toward the edge such that when he is at A, y — 5 ft, 
his mass center has a velocity of 2 ft/s and an acceleration 
of 3 ft/s 2 , both measured with respect to the platform and 
directed along the y axis. If the platform has the angular 
motions shown, determine the velocity and acceleration 
of his mass center at this instant. 


V A = Vo +UxrjK)+ (VMo)ryi 


v A = 0+(O.5k)x(5j) + 2j 

v A * {-2.50i + 2.00j} ft/s Am 



a A — to +-f2x tji/o + Ox(t2x r A /o) + 20x iy\io )i>z +(*x/o)*yt 
a A =0 + (0.2k)x (5j) + (0.5k) x (0. 5k x 5j) + 2(0.5k) x (2J) + 3J 
a x *-li-1.25j-2i + 3j 
a A = {-3.00*-*-1.75j > ft/s 2 Ans 






16-134. Block B moves along the slot in the platform # 

with a constant speed of 2 ft/s, measured relative to the 

platform in the direction shown. If the platform is rotating 

at a constant rate of o> = 5 rad/s, determine the velocity 

and acceleration of the block at the instant 0 = 60°. 



= + {h5 * + 
T| » To + n X T uo + (V„ 0 ),„ 



Vj - 0 + 5k X (1.1551 + 2j) - 21 
v, » {-12.01 + 5.77j> ft/s Ans 

“* » a*, + n x T tlo + a x(0 x r tlo ) + 20 x (v e/0 )„ t + (a, /0 )„ t 
»s - 0 + 0 + 5k x[(5k) X (1.1551 + 2j>] + 2(5k) x(-2l) + 0 
i, » 0 + 0 - 28.871 - 5Q( - 20J 


X 


1 


a, - (-28.91 -70.0J) ft/s 2 


Ans 






16-135. While the swing bridge is cUsirv'S with a 
constant rotation of 0.5 rad/s, a man runs along the 
roadway at a constant speed of 5 ft/s relative to the 
roadway. Determine his velocity and acceleration at the 
instant d = 15 ft. 



*16-136. While the swing bridge is do>r*\^ with a 
constant rotation of 0.5 rad/s, a man runs along the 
roadway such that when d - 10 ft he is running outward 
from the center at 5 ft/s with an acceleration of 2 ft/s 2 , 
both measured relative to the roadway. Determine his 
velocity and acceleration at this instant. 



Q m {0.5k} rad/s 


r.» ■= {-15}}ft 

= {-Sj} ft/s 


»- - v e + O x r mlo + (v mlo ) x 
v. « 0 + (0.5k) x(-I5j) - 5j 
v. . {7.5i - 5j} ft/s 


K » a<, + O x r mlo + a x (£1 x r mJO ) + 20 x (v„, 0 ) JJt + (#„ <0 ), 
■« = 0 + 0 + (0.5k) X [(0.5k) x (-15J) J + 2(0.5k) x(-5}) + 0 
». « {SI + 3.75J} ft/* 2 Am 


O = {0.5k} rad/s 


tm,0 = {-10}} ft 


= {-5}} ft/S 


(Om/o),,' = {-?!} ft/S 2 

v„ = v„ + Q x r mlo + (v m/0 ) x 

v« = 0 + (0.5k) x(-10j) - 5J 


y. = {51 - 5}} ft/s 


■> = »o + d X r m ,o + a x (Q X r„, 0 ) + 20 x (v. /o)j ,„ + (u m/0 ) x . 


K = {51 + 0.5J} ft/s 2 











16-137. A girl stands at A on a platform which is rotating 
with a constant angular velocity u> = 0.5 rad/s. If she 
walks at a constant speed of v = 0.75 m/s measured 
relative to the platform, determine her acceleration (a) 
when she reaches point D in going along the path ADC, 
d = 1 m; and (b) when she reaches point B if she follows' 
the path ABC, r = 3 m. (t) 



+Q X r gig + O X (Q X Ip/o) + 2Q X (Vo/o)x»t + 


[11 


Motion of 
moving reference 

•<, = « 

n = {0.5k} rad/s 


Motion of D with respect 
to moving reference 

*d,o = {11}“ 

< v d/o)x« = {0.75j}m/s 


(•wo). 


'xyz ' 


0 = 0 

Substitute the data into Eq.[l]: 

a, -=0 + (0)x(II) + (0.5k)x[(0-5k)x (li)] + 2(0.5k)x(0.75j)+0 
= {-11} m/8 2 
(b) 



A ns 


= ap+Oxrp/p + O x(Q Xfp;p) + 20x(vp,p)^j, t + 


[21 


Motion of 

moving reference 
a 0 *0 

a = (0.5k) rad/s 
Q-0 


Motion cfB with respect 
to moving reference 

t bio * {3i}m 

(v»/o)*„ “ {0-75j}m/s 

-(fll 

» {-0.18751} m/s 


Substitute the dau into Eq.[2]: 

a, = 0+(0) x(3i) + (0.5k) x [(0.5k) x (3i)l + 2(0 Jk) x (0.75j) + (-0.18751) 
= {-1.69i}m/8 2 Ana 






16-138. A girl stands at A on a platform which is rotating 
with an angular acceleration a = 0.2 rad/s 2 and at the 
instant shown has an angular velocity a = 0.5 rad/s. If 
she walks at a constant speed v = 0.75 m/s measured 
relative to the platform, determine her acceleration (a) 
when she reaches point D in going along the path ADC, 
d = 1 m; and (b) when she reaches point B if she follows 
the path ABC, r = 3 m. 




= {-1.691 + O.ejjm/s 2 


A ns 










16-139. Rod AB rotates counterclockwise with a 
constant angular velocity u> = 3 rad/s. Determine the 
velocity and acceleration of point C located on the double 
collar when 6 = 45°. The collar consists of two pin- 
connected slider blocks which are constrained to move 
along the circular path and the rod AB. r a A = f0.400i + 0.400J} 


3 




\ c = y* + n x r aA + (y aA ),„ 

~v c l = 0 + (3k) x (0.4001 + 0.400J) + (v CM cos4J°i + v CM sin45°j) 

-v c i = 0 - 1.201 + 1.20J + 0.707v cm I + 0.707v C)< j 

~~yc - —1.20 + 0.707v cm 

0 = 1.20 + 0.707v c;a 

v c = 2.40 m/s A ns 

v CM = -1.697 m/s 


x 


■c * •* + a x r CM + Q x(n x r aA ) + 20 x (v CM )„, + (a CM ),„ 

(2.40) 2 

-(Oc)i 1 -= 0 + 0 + 3k X [3k x (0.41 + 0.4J)] + 2(3k) x [0.707(-1.697)l 

+ 0.707(-1.697)J] + 0.7070c, A i + 0.707o CM j 

“(%),! - 14.40J = 0 + 0 -3.601 - 3.60j + 7.201 - 7.20J + 0.707a,-,,, 1 + 0.707 % «J 

~(0c ), = -3.60 + 7.20 + 0.707 0c,„ 

-14.40 = -3.60 - 7.20 + 0.707 

= -5.09 m/s 2 

(%), = 0 

Thus. 

<h = («c)» = = 144 m/s2 


Oc = {-14.4J} m/s 


A ns 







Jf" 140- , A / lde in an amusement park consists of a 
rotating platform P, having a constant angular velocity 
^ = 1.5rad/s and four cars, C, mounted on the 
platform, which have constant angular velocities 
" c 'f ~ 2 rad / s measured relative to the platform 
Determine the velocity and acceleration of the passenger 
at B at the instant shown. 5 

Motion of moving reference. 


Y 



Hx tbe x,y,z axes to the platform with the origin at O. 
v 0 = (l.5)(3)j - 4.3j 

•o - (<fc). - —(1.5) a (3)i = -6.751 
a = 1.5k 
Qb 0 

Motion of A with respect to moving reference. 

Kuo = 0.75j 

(Va/o)x„ = 2(0.75)j = Uj 

<*x/o)xj: “ = — (2) 2 (0.75)i = — 31 


y * *= + Q x r t/0 + ('> >IO ) Iyt 

- 4.5j + (13k) X (0.75J) + 1.5J 
T l • {7.12J} m/s A ns 



O 


h.%iBxr wt flx(flx r «/o) + 2Q x (»„„),„ + 

- -6.751 + 0 + 1.5kx [(1.5k) x (0.751)] + 2(1.5k)x(l.Sj))-31 


•» - {—15.91} m/s 2 


A ns 








16-141. Block B of the mechanism is confined to move 
within the slot member CD. If AB is rotating at a constant 
rate of to AB = 3 rad/s, determine the angular velocity and 
angular acceleration of member CD at the instant shown. 


Coordinate Axes : The origin of both the fixed and moving frames of reference 
are located at point C. The x. v , z moving frame is attached to and rotates with rod 
CD since peg B slides along the slot in member CD. 

Kinematic Equation: Applying Eqs. 16-24 and 16-27, we have 

v * =v c +fl xr,r + (v 1/f )„. [1] 

aj=ac+ftxr, (C + fix(Qxr, (C ) + 2flx(v„ c ) ii .+(a 1)f ), v . [ 2 ] 


a> AB - 3 rad/s 


®a> a CD 



130fiWfv 2 /°° mm 


Motion 

of moving reference 
v c =0 
a c = 0 


Motion of C with respect 
to moving reference 
r B/c — {0.21} m 
( v a/c) Jt , ; =(r , s/c)i V; > 
( a S/c),yj = ( a B/cKy;' 


The velocity and acceleration of peg B can be determined using Eqs. 16-9 and 
16- 14 with r 8M = {O.lcos 60°i -O.lsin 60°j} m = {0.05i -0.08660j} m. 

v b *r eM =-3kx(0.05i-0.08660j) 

= {-0.25981 -0.150J} m/s 

a b = a Ai x r BM r B/A = 0 - 3 2 (0.05i - 0.08660j) 

= {-0.450i + 0.7794j} m/s 

Substitute the above data into Eq.[l] yields 

v a = v c + f2 x r B[C + (v fl/< -) yv , 

_-0-2S98i -0.150j = 0 + (-a> co k) * 0.2i + (u fl/r ) jv . i 

-0.2598i-0.150j = (u 0(<r ), ); i-0.2£U co j 

Equating i and j components, we have 


Olm 
todjc, t 


ykp&cp • 



=-0-2598 m/s 

ct) CD = 0.750 rad/s A 

Subsutute the above data into Eq. [2j yields 

a s = a c + Q X r BIC + Q. x (£2 x r B , c ) + 20 x (v fl/f .) r> . + ( a B , c ) tv . 
-0.450i +0.7794j = 0 + (-a CD k) x0.2i + (-0.750k) x [(-0.750k) x 0.2i] 


-0.450i + 0.7794j = [(a s/c ) xyi - 0.1125]i + (0.3897 - 0.2a Cfl ) j 
Equating i and j components, we have 


=-0.3375 m/s' 

"Scn^-TfJradT?” = 1.95 rad/s' 






16-14Z At the instant shown, the robotic arm AB is 
rotating counterclockwise at = 5 rad/s and has an 

LTfiC . acceleratlon " = 2 rad/s 2 . Simultaneously, the 
grip AC is rotating counterclockwise at a>' = 6 rad/s and 

f 2rad ^ S ’ both measured relative to a fixed 

k ! n K e ;P etermine the velocit -V acceleration of the 
object held at the grip C. 



[ 2 ] 


T ai 

Q * {6k} rad/s 
O - {2k} rad/s 2 
Motion of £ : 

“ (3k) x {0.3cos30°i + 0.3sIn30°J) 
- {-0.751+ 1.2990J} m/s 



*i" «*«■»« - a> 2 r gM 


“ ( 2k> x (03cos 30°1+03 sinSQ 0 }} - (5) 2 (0.3 cos30°i+0.3 sin30*J) ~ 

= (-6.79521-3.2304J) m/s 2 
Substitute the data into Eqs.[l ] and [2] yields : 
v c = (-0.751 + 1.2990J) + (6k) x(0.125cosl5°i + 0.125sinl5°J) +• 

* {-0.9441 + 2.02J) m/s A ns 

*c * (-6.795271-3.2304J) + (2k) x(0.125cos 15°i + 0.125sin 15°j) 

+ (6k) x [(6k) x (0.125cosl5°l + 0.125 sinl5 0 j)J +0 +0 


{-11.21-4.15J} m/s 2 


A ns 






16-143. The two-link mechanism serves to amplify 
angular motion. Link AB has a pin at B which is confined 
to move within the slot of link CD. If at the instant shown, 
AB (input) has an angular velocity of w AB = 2.5 rad/s 
and an angular acceleration of a AR = 3 rad/s 2 , determine 
the angular velocity and angular acceleration of CD 
(output) at this instant. 


vr = 0 
»c = 0 

a =-(Dock 
Q = -a oc k 
r B ,c = {-0.151}m 

(yBJC'ixyi ~ (Vaic)xyz ■ 

(as/c)*>z = (aj/c ), ft i . 

v fl = co AB x ran = (-2.5k)x(-0.2cos 15°i + 0.2sin 15°J) 

= {0.1294J+0.4830J} m/s 
®s = “ss x r 8M - <4* r 8M 

= (-3k) x (-0.2 cos 15°i + 0.2sin 15°j) - (2. 5) 2 (-0.2cos 15°l + 0. 2sin 15°J) 

= {1.3627i+0.2560j} m/s 2 
v s = v c + fl x r 8 /c + (vs/c)«, t 
0.12941+0.4830j = 0+(-ab c k)x(-0.15i) + (UB/ C ),„ 1 

0.4-2 941 + Q. 4 830J r T 4J 8 re-) y y r l-+ Q .-1 5 <l b < ?J -*- 

Solving: 

(Vbic)x,z =0.1294 m/s 

ffibc = 3.22 rad/s } An* 

a s = a<r + ft x r fl ,c + D x (Q x r s/c )+20 x (v B/c ) sy! + (a B , c ),„ 

1 .36271+0.2560j = 0+(-a oc k) x (-0.15i) + (-3.22k) x [(-3.22k) x (-0.151)] 

—-.=====_ 1 2(-3.22k) x (0.12 <>4frf fa re i , ; ,! i 

1.36271 + 0.2560j = [ 1.5550+ (a B/c , ]i ■+ (0.15anc - 0.8333) j 


Solving: 




*16-144. At the instant snow*' rod AB has an angular 
velocity a> AB = 3 rad/s' and an angular acceleration 
a AB = 5 rad/s 2 . Determine the angular velocity and 
angular acceleration of rod CD at this instant. The collar 


at C is pin-connected to CD and slides over AB. 



r CM - (0.75sin60°)i - (0.75cos60»)j 
r CM - {0.64951 - 0.37SJ} m 

V C m ®CD X r C/D 

» (o> CD k) x (0.5j) 

*= {—0.5<o co i} m/s 

*C a a CD Xr CD ~ ®CD r CD 

= (or„k) x(0.5j) - o>l D (0Ji) 

«c = {-OSa CD i - c>c C (0.5)j} m/s 2 
*c - v x + £1 x r CIA + (v c/A ),„ 

-0.5a) CD i = 0 + (3k) X (0.64951 - 0.375j) + v CM sin60°t - v c , A cos60°j 
—0.5fl) co « 1.125 + 0.866 v c/a 
0 - 1.9485 - 0.5v OA 
v CM = 3.897 m/s 

£B CC = -9.00 rad/s = 9.00 rad/s J A as 


= «„ + O X r CM + (2 x(G X r aA ) + 20 x(v OA ),„ + («c M )„ £ 

«C « 0 + (5k) X (0.64951 - 0.375J) + (3k)x[(3k)x(0.64951 -0.375J)) 

+ 2(3k) X [3.897(0.866)1 - 0.5(3.897)j] + 0.866flo A i - 0.5fl„ A j 

0.5o cd I -(-9.00) J (0.5)j - 0 + 1.8751 + 3.2475J - 5.84551 + 3.375j + 11.69101 
+ 20.2488j + 0.866 <v, a 1 - 0.5<fc, A j 

0.5a CD - 7.7205 + 0.866 ^_ m 

-40.5 = 26.8713 - 0.5<fc, A 

jb . 134.7 m/s 2 .. 

a CD » 249 rad/s 2 ) A ns 





, A 


c 


16-145. The gear has the angular motion shown. Deter¬ 
mine the angular velocity and angular acceleration of the 
slotted link BC at this instant. The peg at A is fixed to 
the gear. 



da = (1.2)(2) = 2.4 ft/s «- 
a 0 = 4(0.7) = 2.8 ft/s 2 

3/1 = &() + 3 / 1/0 

3a = 2.8 + 4(0.5) + (2 ) 2 (0.5) 

1 

34 = 4.8 *4- 2 

4- 4. 

Va = v s + ft x r A/B + (v A/B ) tyi 

— 2.4i = 0+ (Ok) x (1.6i + l.^j) + v A /b * + v.a/b ^ j 

— 2.4i — 1.60j — 1.20i + 0.8uA/«i 4- 0.6uA/sj 
-2.4 = -1.20 + 0.8 v A/B 

0 = 1.60 + 0 . 6 da/b 
Solving, 

a>ec = £2 = 0.720 rad/s ^ Ans 

1 'a/b — — 1 -92 it/s 



3a = 3a + £2 X r A/B +flx(fix r A/B ) + 20 x (\ A/B ) xy: + (a A / B ) x> , : 


- 4.8i - 2j = 0 + (Ok) x (1.6i + t.2j) + (0.72k) x (0.72k x (1.6i+ 1.2j)) 

+ 2(0.72k) x l-(0.8)(1.92)i - 0.6(1.92)j) + 0.8a B/A i + 0.6o s/ Aj 

- 4.8i - 2j = 1.60j - 1.20i - 0.8294i - 0.6221j - 2.2118j + 1.6589i + 0.8a SM i + 0.6a B/A 

- 4.8 = -1.20 - 0.8294 + 1.6589 + 0.8a BM 

- 2 = 1.60 - 0.6221 - 2.2118 + 0.6o b/ a 

- 4.6913 = -6 4- 0.667 a B/A 
0.5212 = 0 4-0.357a e/ a 

a sc = O = 2.02 rad/s 2 ^ Ans 

a B /A = -4.00 ft/s 2 


\ m \ m\m olcnli minnarin not 


2 rad/s 
4 rad/s 2 








1 /: 14 f ‘ quick-return mechanism consists of a crank I 

AB, slider block B, and slotted link CD. If the crank ha s I 
he angular motion shown, determine the angular motion ' 
of the slotted link at this instant. / 


D 



v t =3(0.1) = 0.3 m/s 

(a,), =9(0.1) = 0.9 ra/s 1 

(a*), = (3) 2 (0.1) = 0.9 m/» 2 

v, = y c + fl x r tic* (viic )*,t 

0.3cos60°l+0.3sin60°j = 0 + (a^ok) x ( 0 .31)-f v* /c l 

vb/c ~ 0A5 m/s 

:= 0..&66-xacUs—'J A ns----— — 

a* = «c +flxr i/c + nx(nxr i , c ) + 2nx(v* /c ) I „ + (tg lc ),„ 

0.9cos60°i - 0.9eos30°i + 0.9sin60°j + 0.9sin30°j = 0+(ac O k)x(0.3i) 
+(0.866k) x (0.866k x0.31) + 2(0.866k x 0.131)+a a/e i 
-0.32941+ 1.2294J =0.3a CD J-0.225i+0.2598j+a* /c i 
a*/c = -0.104 m/s 1 


.2 






16-147. A ride in an amusement park consists of a 
rotating arm AB having a constant angular velocity 
01A a ~ 2 rad/ S a b° ut point A and a car mounted at the 
,_ of the arm wh ich has a constant angular velocity 
(o - { 0.5k} rad/s, measured relative to the arm. At 
the instant shown, determine the velocity and 
acceleration of the passenger at C. 


to' = 0.5 rad/s 


to AB = 2 rad/s 



t mu m (lOcosSOT + 10jin30*J) - {g.66i + 5j} ft 

v * “ x *>« = 2k X (8.661 + 5j) = {—10.01 + 17.32j> ft/t 

** “ °U* X r BU ~ r A/A 

- 0 ~(2) 2 (8.66i + 5j) = {-34.641 - 20j} ft/s 2 
O rn (2-0.5)k - 1.5k 

»e - »s + O x t c „ + (»„,),„ 

“ —10.01 + 17.32} + 1.5k x (—2j) + 0 

- {-7.001 + 17.3J} ft/s An* 

*C - »* + a X T CI , + n x(0 X r c/J) ) + 20 xtVc,,)^ + 

- -34.641 - 20j + 0 + (1.5k) x (1.5k) x(-2j) + 0 + 0 

- {-34.61 - 15_5j} ft/* 2 An* 


*16-14a A ride in an amusement park consists of a rotating 
arm AB that has an angular acceleration of a AB = l rad/s 2 
when co AB = 2 rad/s at the instant shown. Also at this 
instant the car mounted at the end of the arm has a relative i 
angular acceleration of a' = {-0.6k} rad/s 2 when at' = 
{-0.5k} rad/s. Determine the velocity and acceleration of 
the passenger C at this instant. 


io' = 0.5 rad/s 



**« = (lOcos30*1 + 10sin30"j) = {8.661 + 5j} ft 

V * “ 10At x r *« = 2k X (8.661 + 5j) » {-10.01 + 17.32j} ft/s 

•* m “a, * r *« - 

- Ok) x (8.661 + 5j) -(2) 2 (8.661 + 5j) = {-39.641 - 11.34}} ft/s 2 
O » (2-0.5)k ■ 1.5k 

Q - (l-0.6)k = 0.4k 

*c “ v, + O x r c/ , + (»„,),„ 

= -10-01 + 17.321 + 1.5k x(—2j) + 0 
- {-7.001 + 17.3J) ft/s An* 


■ -39.641 - 11.34} + (0.4k) X/- 3 J) + (1.5k) x (1.5k) x(-2j) + 0 + 0 

■ {-38* - 6.84}} ft/, 2 An* 








16*149. The cars on the amusement-park ride rotate 

around the axle at A with a constant angular velocity Tc “ r * +Qxr «*+<▼<:/*),„ [ij 
“>A/f = 2 rad/s, measured relative to the frame AB. At 

the same time the frame rotates around the main axle “ c '* A+nxrcM+Qx(0xr "*> +ai> '(»c/*),„+(a OA ) j 
support at B with a constant angular velocity Motion of 

w f = 1 rad/s. Determine the velocity and acceleration of movingnfeLce **°*°n<*c»m respect 

the passenger at C at the instant shown. mmmg n!fmnce 


*—8 ft - 


2 ra d/s I 


1 rad/s'" 


r CT* = {-8i} ft 


Q«{3k> rad/s 


Motion at A : 

v 4 


= (lk)x(-15cos30 o i + 15sin30°j) 

= {-7.5i-12.99j} ft/s 
•* ““ x *U/*-© s r A/ , 

“ 0 ~ (t) 2 (-lScos 30°l + 15sin30°j) 

= (1299i - 7.5j} fVs 2 

Substitute the data into Eqs.f 1 ] and [ 2 ] yields: 

Vc “ (-7 ' 5i ~ !2.»J)+(3k) x (-«i)+o 
- {-7.51 - 37,Qj }ft/j 

•c = 02.991 - 7.5j)+0+(3k) X f (3k) x (-8i) J + 0+0 
- {8S.Qi-7.5j} ft/s 2 



* X 


16-150. The cars on the amusement-park ride rotate *” ^ ^ 

around the axle at A with a constant angular velocity •„ = «.+n X r„ +oxrn X r 

o>Ajf ~ 2 rad/s, measured relative to the frame AB. At * ° /A ( 2 ) 


the same time the frame rotates around the main axle i Motion of 


1 » ------ — vxy». U |.usii UllgUtai VCIUVII^ 

w / * 1 rad/s. Determine the velocity and acceleration of 
the passenger at D at the instant shown. 


O - {3k} rad/s 


Motion ofa : 


Motion of Dwith respect 
to moving reference 


( a o/A =0 



• (Ik) x(-15cos30°i+ 15sin30°j) 
‘ {—7.51 — 12.99j}fl/s 


ft) A// = 2 rad/s J 


•s - <*xr A/l -a 2 r A ,„ 


■ 0-(1) 2 (-1Scos 30°I+ 15sin30°j) 


(o f = I rad/s 


Substitute the date into Eqs.[lJ and (2J yields ; 

Vo - (-7.51 - 12.9!® + (3k) x (8j) + 0 

- {-31.51- 13.0J }ftfr_ 

a °“ 02-991-7.5® + 0 + (3k)x[(3k)x(8j)}+0+0 


{13.0i-79.5j} ft/s 2 








17-L Determine the moment of inertia I y for the slender 
rod. The rod’s density p and cross-sectional area A are 
constant. Express the result in terms of the rod’s total 
mass m. 

k = ! u ** ** 

= r x 2 (pA<&) 

J 0 

= 

m = pAl 
Thus, 

4 = i m l 2 A ns 



17-Z Determine the moment of inertia of the thin ring 
about the z axis. The ring has a mass m. 


k = J*’pA(Rd0)R 2 = 2 npAR' 

m = /„ PARdO = 2xpAR 
Thus, 

k - m R 2 Aim 



17-3. The right circular cone is formed by revolving the 
shaded area around the x axis. Determine the moment of 
inertia I x and express the result in terms of the total mass 
m of the cone. The cone has a constant density p. 


dm = pdV = p(nf dx) 

m= i p{n) iiy * = sy= 


df, = -j? dm 




■d*- 


f*l (r 



*y 


Thus 


4 = —mr 2 A ns 
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y 

y = 





Mr 


X 









*17-4. A semiellipsoid is formed by rotating the shaded \ 
area about the x axis. Determine the moment of inertia 
of this solid with respect to the * axis and express the 
result in terms of the mass m of the solid. The material 
has a constant density p. 



m 


S yP dV 



VJ-S. The solid is formed by revolving the shaded area 
around the y axis. Determine the radius of gyration k y . 
The specific weight of the material is y = 380 lb/ft. 


The moment of inertia of the solid : The mass of the disk element 
dm = pm?dy = fo-px/dy- 

dl. = -dim? 
y 2 

= ^(psx 2 ^)* 2 

_ 


= 29.632p 


The mass of the solid : 


m=Ldm = ^-p>rf y s dy= 12 . 117 p 
‘ m 81 Jo 




Am 


117 n 
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I 1 ™;. The 1 so ' id finder has an outer radius R, height 

from > 3 m3terial ha rS a densit V that varies 

from its center as p = k + ar\ where k and « are 

constants Determine the mass of the cylinder and its 
moment of inertia about the z axis. 



Consider a shell dement of radius r and mass 
dm = pdV = p(2xrdf)h 

m - /*(* + a?)(2tcrdj)h 
0 

** s a* 4 . 


is- 


m = 2nh( 

i 4 

m m xht?(.k + 

•H » r 1 dm = R(p)(2/crd>)h 

4 « JV(* + ar*)(2jrr<fr) A 

4 = ZsrA/^Ar 5 + a/) <fr 
0 


All 




4 
4 = 


, Lr kK* a/? 4 , 

2 'Al— + "T 1 

2 1 3 


A ns 


17-9. The concrete shape is formed by rotating the 
shaded area about the y axis. Determine the moment of 
inertia l y . The specific weight of concrete is y = 150 lb/ft 3 . 

dl y = i(dm)(10) J - ^(dm)x 1 


4 


= ]:{k p (10) z <fy}(10) 2 - ^ rtpx* dyx 2 
^ 2 



} ?r (150) 
32.2(12) 3 


(lO) 4 dy - J o * (jj f dyj 
(I0) 4 (8) - (|) 2 (|)(*) 3 ] 


= 324.1 slug in 2 
4 = 2.25 slug- ft 2 An* 
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17-10. The frustum is formed by rotating the shaded 
area around the x axis. Determine the moment of inertia 
l x and express the result in terms of the total mass m of 
the frustum. The frustum has a constant density. 


dm = pdV = pjtfdx = pi r(^ + '^-x+l/Jdx 
dl, = \dmy l = \prcy'dx 
dl, = jpn(^ j-x 4 + —r- x? + + — x + fc 4 )<& 


: nrP^ 4 


m = j m dm= + ~x+b i )dx= \picab 1 


17-1L Determine the moment of inertia of the homo¬ 
geneous triangular prism with respect to the y axis. Express 
the result in terms of the mass « of the prism. SSr i 
integration, use thin plate elements parallel to the x-y plane 
and having a thickness dz. * " 


z= ~ir(x~d) 



dV - bxdz « b(a)(l~l)dz 


•H, " <U, + (dm)l(-)* + z 2 ] 


1 2 X 1 

—dm(x ) + dm(—) + dmz 2 



= <*Pl^(A 4 - -/ * A 4 - \h*) + i(i*‘ - i**)] 

- -j^aWipfa 3 + A 2 ) 


wr m pr w -gSKp 


4 “ —(a 2 +A 2 ) Ana 
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*17-12. Determine the moment of inertia of the 
assembly about an axis which is perpendicular to the page 
and passes through point O. The material has a specific 
weight of y = 90 lb/ft 3 - 




4 = i [( 3 ^)* 2 - 5 H a5)2 ^- iKS *)* 0 *”]® 1 

+ 2[(32l) ,r(2>2(a25) ] <2)J ~5[(3^)*a) 2 (0.25)J(l)J 


= 117.72slug- ft 2 


k> = la + md 2 


l2 >(0-25) + (~j,r(2.5 2 -2 2 )a) = 26. 


343 slug 


lo = 117.72 + 26.343(2.5) 2 = 282 slug- ft 2 


17-13. The assembly consists of a disk having a mass of 
6 kg and slender rods AB and DC which have a mass of 
2 kg/m. Determine the length L of DC so that the center 
of mass is at the bearing O. What is the moment of inertia 
of the assembly about an axis perpendicular to the page 
and passing through O? 


Manured from the right side. 


‘ * 0 - 3 ) + 2 (I. 3 )( 0 . 65 ) _ 0J 

ym 6 + 1 . 3 ( 2 ) + M 2 ) 


L «■ 6.39 m An* 


= —( 6 )( 0 . 2) 2 + 6 ( 1) 2 + “( 2 )( 1 . 3 )( 1 . 3) 2 + 2 ( 1 . 3 )( 0 . 15) 2 + i< 2 )< 6 . 39 )< 6 . 39) 2 + 2 ( 6 . 39 ) ( 025 ) 


0.5 m —jj j 



17-14. The assembly consists of a disk having a mass of 


v “***• x-f v »» juvu iici v v a memo ui | ^ 

2 kg/m. If L = 0.75 m, determine the moment of inertia ~ jtWO-® 2 + «(i) 2 + —(2)(i.3)(i.3) J + 2(i.3XO.i5) 2 + —(2)(o.73)(a7S)* 

of the assembly about an axis perpendicular to the page + 2 ( 073 X 0 . 5 )’ 12 

and passing through O. 


lo = 6.99 kg-m 2 











17-15. The wheel consists of a thin ring having a mass 
of 10 kg and four spokes made from slender rods and 
each having a mass of 2 kg. Determine the wheel’s 
moment of inertia about an axis perpendicular to the page 
and passing through point A. 


I A = + md 1 



= [ 2 [-j^( 4) U) 2 ]+ 1° ( °.5 )2 ]+ 18(0.5) j 


7.67 kg • m 2 Ans 


A 1 !' c ? 16 P endulum insists of the 3-kg slender rod 
and the 5-kg thm plate. Determine the location y of the 
center of mass G of the pendulum; then calculate the 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 


. Xym 1(3)+ 2.25(5) , 

y = —— =--— -= 1.781 m = 1.78 m Ans 

Xm 3 + 5 


Iq — ZJc' + md} 


8 ^(3)(2) 2 + 3(1.781 - t)2 + i(5)(0.5 2 -f l 2 ) +5(2.25- 1.781) 2 



!*•— 1 rn —"j 


= 4.45 kg m 2 



the moment of inertia of the assembly about an axis which 
is perpendicular to the page and passes through the center 
point O. 



i /'asin60°Vl 1 , 

7o-3 —m<r + m —-- \ = Lma 2 


3)2 


Ans 



www.elsolucionario.net 











17-18. The slender rods have a weight of 3 lb/ft. 
Determine the moment of inertia of the assembly about 
an axis perpendicular to the page and passing through the 
pin at A. 



1.5ft—-j 


- 2.17 slugft 2 Am 


17-19. The pendulum consists of a plate having a weight 
of 12 lb and a slender rod having a weight of 4 lb. 
Determine the radius of gyration of the pendulum about 
an axis perpendicular to the page and passing through 
point O. 



■ IfJL 

12V32.2 

)(»=.(; 

= 4.917slug- ft 2 


( 12 V 

U2.2J 

V32.2 J 

,Jk m J 

4.917 

V m V 1 

0.4969 


*17-20. The pendulum consists of two slender rods AB 
and OC which have a mass of 3 kg/m. The thin plate has 
a mass of 12 kg/m 2 . Determine the location y of the 
center of mass G of the pendulum, then calculate the 


moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 


J— 0.4 m-j—i 
l I ' 'Ml.. 



x - — - fwizK i 8 ) 

*0.8) + 3(1.5) + *0.3)i(l2) - *0.1)2(12)- 

« 0.8878 = 0.888 m An* 

4 - >0.8)K0.8) 2 + + lu2cmo.3fuo.3f 

m 13.43 kg-m 2 
4 • 4 + (9.916)(0.8878) 2 
4 - 3.61 kg m 2 An* 


■—msr 

4 -i 

i 


4 * ijfwswas) 2 + 3<0.8)(0.8878) 2 + 1(5(14)1(14,* + 
___ * jn2 (^K0.3) 2 ](0.3) 2 ^ [ i 2( ^( Q ,3 > ^ l g . 1 

- fl2(*)(0.1) 2 J(U - 0.8878) 2 2 

" 5.61 kg-m 2 Ant__ 

innarin nat 


3( 1.5) (0.8878—0.75) 2 





11 ’a\ 7116 P endu,um consists Of two slender rods AB 
and OC which have a mass of 3 kg/m. The thin plate has 
a mass of 12 kg/m 2 . Determine the moment of inertia of 
the pendulum about an axis perpendicular to the page 
and passing through the pin at O. 



lo = -i[3(0.8)]<0.8) J + + i[12d^(03)*](0i3) j 

+ [12(jr)(0.3) 2 )(1.8) 2 - j[12(jt)( 0.1) 2 ](0.1) 2 - [12(x)(0.1) 2 ](ia) 

= 13.43 = 13.4 kgm 2 An* 

Also, from the solution to Prob. 17-16, 
m = 3(0.8+1.3) + 12[«(0.3) 2 - *(0.1) 2 ) = 9.916 kg 

lo = lo + md 2 

= 5.61 + 9.916(0.8878) 2 
« 13.4 kg-m 2 Aos 


17-22. Determine the moment of inertia of the solid steel 
assembly about the x axis. Steel has a specific weight of 
y sl = 490 lb/ft 3 . 


4 = (0.5) r + (0.25) 1 

= j^*(0.5) 2 (3)(0.5) 2 + -j^(^ Jk( 0. 5) 2 (4)(0.5) 2 - jx(0.25) 2 (2)(0.25) 2 j^^^ j 

= 5.64 slug- ft 2 Ans 


* 7 ' 23 ' determi ne t h e moment of in e rtia a bout an axis ~ 
Perpendicular to the page and passing through the pin at 
O. rhe thin plate has a hole in its center. Its thickness is i 
50 mm, and the material has a density p = 50 kg/m 3 . 




= 50(1.40) 2 <anSO) » 490 kg 
*** » (50)(ir)(0.15) 2 (0.050) = 0.1767 kg 

4 " •n< 4 - 90 >« 1 - 4 °) S + (, - 40)3 l + 4.90(0.990) 2 - [i(0.1767)(0.15) 2 + (0.1767)(a990) 2 J 






lo = 6.23 kgm 2 


An* 






*17-24. The 4-Mg canister contains nuclear waste 
material encased in concrete. If the mass of the spreader 
beam BD is 50 kg, determine the force in each of the links 
AB, CD, EF, and GH when the system is lifted with an 
acceleration of a = 2 m/s 2 for a short period of time. 


Canister: 

+ TSF, = m(aa), ; 2r-4(l0 3 )(9.81) = 4(l0 3 )(2) 

Tab = T cd = T = 23.6 IcN Ans 

System: 

+ tlF, =m(a G ) y ; 2T ' cos30°-4050(9.81) = 4050(2) 

T eF = T C h = T' =27.6 kN Ans 


T r 

L=it 


4 (<<£) ■VJ l 
T'V 







17-25. The 4-Mg canister contains nuclear waste material 
encased in concrete. If the mass of the spreader beam BD 
is 50 kg, determine the largest vertical acceleration a of 
the system so that each of the links AB and CD are not 
subjected to a force greater than 30 kN and links EF and 
GH are not subjected to a force greater than 34 kN. 


Canister: 


+ Tlf y = m(a G )y; 2(30) (10 3 ) — 4 (10 3 ) (9.81) = 4(l0 3 )a 

a = 5. t9 m/s J 

System: 


3C00*) *1 ^o(io J )ls) 

tl - it 


*40o!)9.7l>J 


B 


A 


+ ?£ F y = m(a G ) y \ 2[34(10 3 )cos 30°]-4050(9.81) s«4050fl 









17-26. The 2-lb bottle rests on the check-out conveyoi/ 
at ^grocery store. If the coefficient of static friction il 
Mi = 0.2, determine the largest acceleration the conveyor ! 
can have without causing the bottle to slip or tip. The 
center of gravity is at G. 



-*ZF X = miOe), i F t 


+ fl^ AT, -2 = 0 

?+TM 0 = 2k = ^^(8) 

Assume bottle is about to slip. 

N, = 2 lb , F, = 0.2(2) = 0.4 lb 
Og = 6.44 ft/s 2 . x = 1.6 in. > 1.5 in. 
Bottle will tip before slipping. 

Set x = 1.5 in. 

N, = 2 lb, Qq = 6.04 ft/s 2 Am 

/> = 0.375 lb < 04 lb (O.I 


17-27. The assembly has a mass of 8 Mg and is hoisted 
using the boom and pulley system. If the winch at B draws 
in the cable with an acceleration of 2 m/s 2 , determine the 
compressive force in the hydraulic cylinder needed to 
support the boom. The boom has a mass of 2 Mg and mass 
center at G. 



2 m /Mg 


4m // MC 


*1 + 2*i-l 
a • “ -2ol 

2 = -2t% 

Ol = -1 m/s 2 


Assembly: 




+ T Z -jr-ma,-, 2T- 8( J0 , )(9.81) = 8( 10*)( 1) 




7 " .. . vVA ztoti 

T - 4324 gfri 

Boom: iAy 2/nw 'c* 

[+XM a -0; /ti>(2) - 2 (I 0 3 )( 9 . 81 )( 6 cos 6 Cr)- 2 ( 43 . 24 )(I 0 3 )( 12 co 860 0 ) * 0 










*17-28. The jet aircraft has a total mass of 22 Mg and a 

center of mass at G. Initially at take-off the engines 

provide a thrust 2T = 4 kN and T = 1.5 kN. Determine 

the acceleration of the plane and the normal reactions on 

the nose wheel and each of the two wing wheels located 

at B. Neglect the mass of the wheels and, due to low A 25 *= ma ,; 

velocity, neglect any lift caused by the wings. 

+ ■= 0 ; 




1-5 + 4.22 ao 


2B, + A, - 22(9.81) = 0 






<■ +Z*f, -= 

A, - 72.6 kN 

B, - 71.6 kN 


-4(2.3) - 1.5(2.5) - 22(9.81)(3) +,4,(9) 
Ans 
Ant 


<h m 0.250 m/s s Ant 



-22^1:2) 


17-29. The lift truck has a mass of 70 kg and mass center 
at G. If it lifts the 120-kg spool with an acceleration of 
3 m/s 2 , determine the reactions of each of the four wheels 
on the ground.TTie loading is symmetric. Neglect the mass 
of the movable arm CD. 




N b = 544 N 


2.^1 ^ 
0.7S 









at r rv? e lift lr l Ck I 135 a mass of 70 k 8 and mass center 
£6 Determine the largest upward acceleration of the 

120-kg spool so that no reaction of the wheels on the 
ground exceeds 600 N. n 


Assume N A = 600 N, 


( + IAfs -m)*; 70(9.81 )(0.5) + 120(9.81)(0.7)-2(600)(1.25) = -120a(0.7) 


a - 3.960 m/s 2 


+ T IF, = 


miac) > ’ 2(600) + 2N B - 120(9.81)-70(9.81) = 120(3.960) 


n b = 570 N < 600N OK 


TTius a = 3.96 m/s 2 







17-31. The door has a weight of 200 lb and a center of / 
gravity at G. Determine how far the door moves in 2 s, / 
starting from rest, if a man pushes on it at C with a > 
horizontal force T = 301b. Also, find the vertical/ 
reactions at the rollers A and B. 1 




*6: f LG 

I f I I .H I i ll | ' | m iiii j i i . ,m . ▼ 




= m(aa),\ 30 = (— 

= 4.83 ft/s 2 


it, *6 


ikh?? 


N„( 12) - 200(6) + 30(9) = (^)(4.83)(7) 
N„ = 95.01b A ns 


+ T2/J«m(<%),; A5, + 95.0 - 200 = 0 


N a - 1051b 









”j? n ? ha! a ”' 8 '" ° f 200 lb and a cenler of 

S ®oikd w?h T” me t ons ' anl force Fltoi 

e appliedl to the door to push it open 12 ft to the right 

s sstfz r A1 ”-“ ,he —«*£ 



<^> J - *t> + v„r+ i^r 2 
2 

12 = 0 + 0 + ^n(S) 1 
Oc - 0.960 ft/s 2 


*»5 = ^-^( 0 . 960 ) 


^ “ 5 9627 lb « 5.96 lb Am 


jjiUJf} 1 

~*i I «*•*(. 




N a = 99.0 lb 


=*(<%),; Ai+99.0- 


200 = 0 


17-33. The uniform pipe has a weight of 500 lb/ft and 
diameter of 2 ft. If it is hoisted as shown with an 
acceleration of 0.5 ft/s 2 , determine the internal moment 
at the center A of the pipe due to the lift. 


K = ioi ib 



— 5 ft —|*— 5 ft —5ft —4— 5ft 


+ Ta v = no,-, r- 10000 = l£ig9 (a5) 


T = 10155.27 lb 


+ r ^ = °i 10155.27 - 2/ > cos45° = 0 



1 o><7oe>ll 




io. 155 r. 2 V 1 i 


li “ 15 =7 180.867(—) = 5 077.64 lb 
V 2 


5677.14H ■fW-ClIk 




- --- .—.- - .... 

Ug - 500U(5J - 5077.64(5, - 5077.64(1) = C^ (0 ^ K3) 

.-.- ...32i 2 . 

K = 5077.6 Ib-ft = 5.08( 10'*) lb-ft A bs 










17-34. The pipe has a mass of 800 kg and is being towed 
behind the truck. If the acceleration of the truck is a, = 
0.5 m/s 2 , determine the angle 9 and the tension in the 
cable. The coefficient of kinetic friction between the pipe 
and the ground is fx k = 0.1. 


~*ZF,=ma,\ - 0. \N C + Tcos45° = 800(0.5) 

+ T ZF, = ma ,; N c - 800(9.81) + rsin45° = 0 
( + ZM G = 0; - 0. l.V t -(0,4) + 7sin0(O.4) = 0 

N c = 6770.9 N 
7= 1523.24 N = 1.52 kN 
0.1(6770.9) 


Ans 


sin® = 

1523.24 

8 = 45°- 41 = 18.6° 


0 = 26.39° 

Ans 




17-35. The pipe has a mass of 800 kg and is being towed 
behind a truck. If the angle 9 = 30°, determine the 
acceleration of the truck and the tension in the cable. The 
coefficient of kinetic friction between the pipe and! the 
gr ou nd is Mfr-'-'-O-l.__ 



-U IF, = nui, ; 7cos45° - 0. UVr = 800a 

+ T lF y =ma y -, Nc - 800(9.81)+ 7'sm45' 1 = 0 
(+ XM a = 0: 7sml5°(0.4) -0 \N C (0.4) = 0 


fdfcWONij- , 



N c = 6164 N 


?0o 6 *. 





*17-36. The pipe has a length of 3 m and a mass of 
500 kg. It is attached to the back of the truck using a 0.6-m- 
tong chain AB. If the coefficient of kinetic friction at C is 
ix k = 0.4, determine the acceleration of the truck if the 
angle 6 = 10° with the road as shown. 


-U ZF X = m(ao)x ; 7cos52.98° - 0.4JV C = 500d c 

+ T ZJfy = m(ao),; tf c -500(9.81> + rsinS2.98°=0 

UZM C = 1 (M k ) c ; - 500(9,81)(1.5cos 10°) + rsui(52.98°-10°)(3) = -500fl O (0.2605) 

r= 3.39kN 
S c = 2.19 kN 

a c = 2.33 m/s 2 An* 




o,4751'*rv 


o. 







5oo*-4 



<- CUiO«V»w 


17-37. The drop gate at the end of the trailer has a mass 
of 1.25 Mg and mass center at G. If it is supported by the 
cable AB and hinge at C, determine the tension in the 
cable when the truck begins to accelerate at 5 m/s 2 . Also, 
what are the horizontal and vertical components of 
reaction at the hinge C? 



I +$Mc - r*ta30°(2.3) - 12 262.3(2.Sw*45”) - I250(S)<1.5sin45 0 ) 

T- 15 708.4 N - 15.7 kN An* 

- mOfc),; -C, + 15 708.400815° - 1250(5) T 

C, - 8.92 kN Am <££ // _ 

+1 - «(%),; q, - 12 2625 - 15 708.4sin 15° = 0 C * 

q - 16 3 kN An* 












17-38. The sports car has a mass of 1.5 Mg and a center 
of mass at G. Determine the shortest time it takes for it 
to reach a speed of 80 km/h, starting from rest, if the 
engine only drives the rear wheels, whereas the front 
wheels are free rolling. The coefficient of static friction 
between the wheels and the road is p s = 0.2. Neglect the 
mass of the wheels for the calculation. If driving power 
could be supplied to all four wheels, what would be the 
shortest time for the car to reach a speed of 80 km/h? 

i- IF, = m(ac), ; 0.2AT, +0.2 N„ = 1500a o (1) 

+ T E F y = m(a a )„ ; N A +N B - 1500(9.81) = 0 (2) 

(+Stfc = 0/; - (1-25) +N b (0.75) - (0. 2N A + 0.2 N t )(0.35) = 0 (3) 


For rear — wheel drive : 

Set the friction force 0.2N A =0 inEqs. (1) and (3) 
Solving yields : 


=5.18kN>0 (OK.); (V s =9.53kN; a a = 1.271 m/s 2 

Since v = 80i%n/h = 22.22 m/s, then 

^~+j v ■—'Aj + act 




22, r-2 = 0 + 1.271r 


(= 17.5 s Ans 


Since Vi = 80 km/h = 22.22 m/s, then 


For 4 - wheel drive : 


V 2 = v, +n c r, 22.22 = 0+ 1.962/ 


Af, =5.00kN >0 (OK); JV s =9.71kN; a 0 = 1.962 ra/s 1 r= 11.3 s Ana 


17-39. The sports car has a weight of 4500 lb and center 
of gravity at G. If it starts from rest it causes the rear 
wheelsTcTsfip as it accelerates. Determine how long it 
takes for it to reach a speed of 10 ft/s. Also, what are the 
normal reactions at each of the four wheels on the road? 
The coefficients of static and kinetic friction at the road 
are fi s - 0.5 and \x k = 0.3, respectively. Neglect the mass 
of the wheels. 




(,+2Wa « UK)a; 

= »>(%)„; 

+ T f 

Solving, 


-2W,(6) + 4500(2) 


-4500 


32.2 


%(23) 


tsoolt 



ff A - 1393 lb 


Ans 








II 7 : 4 ?-. ™ e car accelerates uniformly from rest to ! 

»e ft/s in 15 seconds. If it has a weight of 3800 lb and a 
center of gravity at G, determine the normal reaction of 
each wheel on the pavement during the motion. Power is ' 
developed at the front wheels, whereas the rear wheels 
are free to roll. Neglect the mass of the wheels and take * , 
the coefficients of static and kinetic friction to be a = 0 4 V ' V ° * 
and n k — 0.2, respectively. 


88 - 0 + <*,(15) 


H, m 5.867 ft/s 2 
Assume no slipping 


?,%0t ll» 



4EF, - m(<te ),; F a = ^(5.867) 


32.2 



3800 

f+IM, = 3800(4) -N a ( 7) = —(S.867)(2.S) 

N A = 1924.21b 

(F A ) m „ m 1924.2(0.4) = 7701b > 6921b (O.K!) 

+ f 11? =0; N t - 3800 + 1924.2 ■ 0 

Ng * 1875.8 lb 

Normal reactions are 
1924.2 

962 lb Ana 


N a - 




2 

1875.8 


: 9381b 


Ana 


17-41. The drum truck supports the 600-lb drum that 
has a center of gravity at G. If the operator pushes it 
forward with a horizontal force of 20 lb, determine the 
acceleration of the truck and the normal reactions at each 
of the four wheels. Neglect the mass of the wheels. 



40Oli 


,600. 


<-££;= m(<*,)*; 20 = 


a,, = 1.0733 ft/s 2 = 1.07 ft/s 2 


Ana 


600, 


g jafcfc- 2 9 ( 4 1— 6 00 (0 .5 ) --1 - 2/^!(1.5) - —(1 JX73 3 H 2 ) W 



■20 li 


0.5 ft 1 ft 


Ng = 86.7 lb 

+ f 11? =«(<*,),: 2N a + 2(86.7) — 600 = 0 


Ans 


N a = 213 lb 


Ans 







17-42. The uniform crate has a mass m and rests on a 
rough pallet for which the coefficient of static friction 
between the crate and pallet is fi s . If the pallet is given 
an acceleration of a p , show that the crate will tip and slip 
at the same time provided fx s = b/h. 

— IT =m(a c ), ; - map 

(+ZM A =Z(M t ) A \ mg^J = ma p ^j 

'■*6) 

+ tZT, =rn(a G ),; N c -mg = 0 
K = mg 
(mg) = m^g^j 


ft, =7 Q.E.D. 

n 






17-43. The forklift and operator have a combined 
weight of 10 000 lb and center of mass at G. If the forklift 
is used to lift the 2000-lb concrete pipe, determine the 
maximum vertical acceleration it can give to the pipe so 
that it does not tip forward on its front wheels. 


It is required that N B = 0. 


=UM„) a : 2000(5) - 10000(4) =-[0^ a j(5) 

a = 96.6 ft/s 2 




(l TZ J *' 















*17-44. The forklift and operator have a combined 
weight of 10 000 lb and center of mass at G. If the forklift 
is used to lift the 2000-lb concrete pipe, determine the 
normal reactions on each of its four wheels if the pipe is 
given an upward acceleration of 4 ft/s 2 . 


IM a = Z(M k ) A ; 2000(5) + 2N B ( 10) -10000(4) 

[Y2000'i 
'1132. 

N e = 1437.89 lb = 1.44 kip 


00\ I 

j)' 4 »] 


(5) 

Ans 


✓ 2000 \ 

tLfJ -m{a G ) y ; 1N a +2(1437.89) -2000- 10000 = f—j(4) 
N a = 4686.34 lb = 4.69 kip Ans 












17-45. The van has a weight of 4500 lb and center of 
gravity at G v . It carries a fixed 800-lb load which has a 
center of gravity at G h If the van is traveling at 40 ft/s 
etermine the distance it skids before stopping. The 
brakes cause all the wheels to lock or skid. The coefficient 
of kinetic friction between the wheels and the pavement 
is /t* - 0.3. Compare this distance with that of the van 
being empty. Neglect the mass of the wheels. 


^-*2 ft - - 2 ft- —3 ft—-*|' 


0.3 N, + 0.3*, - -5L a+ «00 
3Z2 a+ 3Z2 C 

+ tSF, +N a -W l - 4300 = 0 

Set = 800 lb in Eqs. (1) and (2) 



n a Ng = 5300 


a - 9.66 ft/s 2 

4ft 

(-») v 2 = v 2 + 

_L 

0 - (40) 2 


t “ 82.8 ft Ana 

For empty van W L . 0 in Eqs. (1) and (2) 

Kk + N, = 4500 

a - 9.66 ft/s 1 

Thus. 

* 82.8 ft as before a ns 


V4 1.SMH 


17-46. The crate has a mass of 50 kg and rests on the 
cart having an inclined surface. Determine if the crate will 
tip over or slide relative to the cart when the cart is 
subjected to the smallest acceleration necessary to cause 
one of these relative motions. What is the magnitude of 
this acceleration? The coefficient of static friction 
between the crate and the cart is n s = 0.5. 


Equation of Motion : Assume that the crate slips, then F, = n,N = 0.SN. 


+ SKt =UM k ) A ; 

50(9.81)cos 15°U)-50(9.81)sin 15°(0.5) 

= SOacos 15°(0.5) + 50asin I5°(x) 

[11 

+ 2 F y .=m(a 0 ) y .; 

*-50(9.81)cos 15° = -50asin 15° 

(21 

+ 1F,. smtac),,; 

50(9.81) sin 15°-0.5/V =-50ocos 15° 

[31 


N = 447.81 N x = 0.250 m 
a= 2.01 m/s 2 


Since jr < 0.3 m, then crate will not tip. Thus, the crate slips. Ans 



5o(9&0tJ 



N 



lucionario.net 










17-47. The handcart has a mass of 200 kg and center of 
mass at G. Determine the normal reactions at each of the 
two wheels at A and the two wheels at B if a force of P = 

50 N is applied to the handle. Neglect the mass of the 
wheels. 

*-LF, = rnla G ), ; 50 cos 60° = 200a a 

+ =m(a c ) y ; N* +Ng - 200(9.81) - 50 sin60° = 0 
( + = 0; - N a (0.3) + N b (0.2) + 50 cos60°(0.3) - 50 sin60°(0.6) = 0 

a t; = 0.125 m/s 2 ; N A = 765.2 N; N g = 1240 N 
Ai each wheel. 


= 383 N Ans 



^oo<Af/)Aj 


0.3-rn 


= 620N Ans 


*17-48. The handcart has a mass of 200 kg and center 
of mass at G. Determine the magnitude of the largest 
force P that can be applied to the handle so that the 
wheels at A or B continue to maintain contact with the 
ground. Neglect the mass of the wheels. 


Vj.hJw I 


iiiggggjjjj ig», i 

’s' Ot-i— 
.. i. - 


- 0.3 m —4*0.2 m-f-0.4 1 


lF < = m(a c ), ; P cos60° = 200 Og 
+ TZP y = m(ac) y ; N A +N B -200(9.81)- P sin60° =0 

C + IA/ c = °t (0:3) + N„ (0.2)+ P cos60°(0 3 )-P sin60°(0.6) = 0 
F‘ >r Pma *. require 
Vs = 0 

P= 1998 N = 2.00 kN Ans 

N b = 3692 N 



‘’J-Wll a,2^1 £.4-r>i 


do = 4.99 m/s T 




















17-49. The arched pipe has a mass of 80 kg and rests on 
the surface of the platform. As it is hoisted from one level 
to the next, a = 0.25 rad/s 2 and u> - 0.5 rad/s at the 
instant 6 = 30°. If it does not slip, determine the normal 
reactions of the arch on the platform at this instant. 

+ f I/J = nUdg ),; IV, + IV, - 80(9.81) - 20^60° - 20cos60° 


SHfi mm 



200 mm 


N a + 1V, = 792.12 

+ 1V,(1) - 80(9.81)(O.S) = 20cos60°(0.2) + 20sta60 ,, (0.3) 

— 20cos60“(0.5) + 20sin60*’(0.2) 


N B = 402 N 
IV, = 391 N 






it)(O.i)'tO- 2t> 


17-50. The arched pipe has a mass of 80 kg and rests on 
the surface of the platform for which the coefficient of 
static friction is fi s = 0.3. Determine the greatest angular 
acceleration a of the platform, starting from rest when 
9 = 45°, without causing the pipe to slip on the platform. 


(<%,), « (D(o0 


500 mm 


At f B\\ j 200 mm 

/gr *T\ \ _ 

MM 1 m d 


^*(1) -80(9.81)(O.S) = 80( 1 a) (sin45°)(0.2) + 80(la)(cos45°)(0.5) 
*-ZF m - m(Oo), V 0.31V, + 0.31V, - 80(la)sin45 o 
+ 1XF,~m(Ho),l tV, +1V, -80(9.81) = 80Ua)cos45“ 


Solving, 


a - S.95 rad/s 2 


tfg = 628 N 


ifovv.yiiM goOtO 

L 


O.itM f 


1^*51. The crate C has a weight of 150 lb and rests on 
the truck elevator for which the coefficient of static 
friction is p. s = 0.4. Determine the largest initial angular 
acceleration a, starting from rest, which the parallel links 
AB and DE can have without causing the crate to slip. 
No tipping occurs. 



► ££ = magi 


r (<$00*30° 










*17-52. The arm BDE of the industrial robot 
manufactured by Cincinnati Milacron is activated by 
applying the torque of M = 50 N-m to link CD. 
Determine the reactions at the pins B and D when the 
links are in the position shown and have an angular 
velocity of 2 rad/s. The uniform arm BDE has a mass of 
10 kg and a center of mass at G\. The container held in 
its grip at £ has a mass of 12 kg and center of mass at 
G 2 . Neglect the mass of links AB and CD. 



Curvilinear translation : 

{a D )n = (a G )„ = (2) 2 (0.6) = 2.4 m/s 2 
Member DC: 

( + IM c =0; - 0* (0.6) + 50 = 0 

0, =83.33 N = 83.3 N Ans 

Member BDE : 

(TI Mo = I (M )o ; - Fba (0.220) + 10(9.81 )<0.365) + 12(9.81)( 1.10) 

= 10(2.4)(0.365) + 12(2.4)(1.10) 

- F„ a . = 567 . 5 4 N = 568 N - Ana . .. — 

+ tl F y = m(a 0 ) y ; -567.54+0,-10(9.81)-12(9.81) = -10(2.4)-12(2.4) 

Ans 



0. 





To 

1 


. 0,120‘y*. 


I, \ | iiol&fOtJ 

□4-n . 


m 


f. JO'*’*% 




hri M—1 


L z \) 


F W- Vjf '• 10 ** ♦ a(4.f!) N o. 56 ^ 


nJUT 

tout) 


D y = 731 N 









+ f»; = 


a = 4.36 rad/s 3 

Ay = 262 N 




f+»K, = / A a; 


17-53. The 80-kg disk is supported by a pin at A. If it is 
released from rest from the position shown, determine 
the initial horizontal and vertical components of reaction 
at the pin. 


-ZF, 


Ana 


A, = 0 Ana 

A, - 80(9.81) = -80(1.5) (a) 

80(9.81)(1.5) = rf(80)(l.j)»ia 



17-54. The 10-kg wheel has a radius of gyration 
k A = 200 mm. If the wheel is subjected to a moment 
M = (5f) N • m, where t is in seconds, determine its 
angular velocity when t = 3 s starting from rest. Also, 
compute the reactions which the fixed pin A exerts on 



= 36.2 rad/* Ana 


4* “ 0 Ana 

A, = 98.1 N Ana 


17-55. The fan blade has a mass of 2 kg and a moment 
of inertia /<? = 0.18 kg m 2 about an axis passing through 
its center O. If it is subjected to a moment of M - 
3(1 - e~ 0 - 2 ') N-m, where t is in seconds, determine its 
angular velocity when ( = 4 s starting from rest. 






(" + EA /0 = I 0 a; 3(l -e~ 02 ') = 0. 18a 










*17-56. The drum has a weight of 80 lb and a radius of . 
gyration k.Q = 0.4 ft. If the cable, which is wrapped 
around the drum, is subjected to a vertical force 
P = 15 lb, determine the time needed to increase the 
drum’s angular velocity from ^ = 5 rad/s to 
to 2 = 25 rad/s. Neglect the mass of the cable. 



<T+S Mo = t a * 


a m 18.87 rad/s 2 
<(V)«o = a> 0 + ca 


25 = 5 + 18.87 1 


WOS) - f^(0.4) 2 ]o 




17-57. The spool is supported on small rollers at A and 
B. Determine the constant force P that must be applied 
to the cable in order to unwind 8 m of cable in 4 s starting 
from rest. Also calculate the normal forces at A and B 
during this time. The spool has a mass of 60 kg and a 
radius of gyration k 0 = 0.65 m. For the calculation 
neglect the mass of the cable and the mass of the rollers 
at A and B. 


(i+) 5 = s 0 + v 0 r + ia,./ 2 


8 - 0 + 0 + -a c ( 4) 2 


a c = 1 m/s 2 


a = — = 1.25 rad/s 2 


Q-ZMo = to a; P( 0.8) = 60(0.65) 2 ( 1.25) 


P = 39.6 N 


—> t-Fi = mo,; N a sin 15° - N a sin 15° = 0 

+ T ZFy = ma y ; N A cos 15° + N s cos 15° - 39.6 - 588.6 = 0 


Na = N* = 325 N Ans 












17-58. A cord is wrapped around the inner core of a 
spool. If the cord is pulled with a constant tension of 
30 lb and the spool is originally at rest, determine the spool’s 
angular velocity when s = 8 ft of cord has unwound. Neglect 
the weight of the 8-ft portion of cord. The spool and the 
entire cord have a total weight of 400 lb, and the radius of 
gyration about the axle A is k A = 1.30 ft. 



h =m^=^)(1.30) 2 = 20.99slug- ft 2 
(+1M„ = h c; 30(1.25) = 20.99(c) a= 1.786 rad/s 2 


s 8 

The angular displacement is 6 ~ ~ - —— = 6.4 rad. 

r 1.25 


of = c&+2a(9~6o) 
of = 0+2(1.786)(6.4-0) 
o>= 4.78 rad/s 


17-59. The 10-lb bar is pinned at its center O and 
connected to a torsional spring. The spring has a stiffness 
k - 5 lb • ft/rad, so that the torque developed is 
M = (50) lb • ft, where 0 is in radians. If the bar is 
released from rest when it is vertical at 0 = 90°, 

determine its angular velocity at the instant 0 = 0°. f+»4 = 4 a; —se = [JL(J£. )(2 ) 2 ja 

12 32.2 

-48.3 0 = cr 
oc dO = co dco 




~ f 48.3 0 dO = f co dco 
t o 


2 V 


<a = 10.9 rad/s 


A ns 


*17-60. The 10-lb bar is pinned at its center O and 
connected to a torsional spring. The spring has a stiffness 
k = 5 lb • ft/rad, so that the torque developed is 
M = (50) lb -ft. where 6 is in radians. If the bar is 


released from rest when it is vertical at 0 = 90°, 
determine its angular velocity at the instant 0 = 45 . 


<V 


tu 

> 

'»!*Se 

loll 



f + 2*4 = 40r, 50 = I j^)(2) 2 )o 


®=9,45r*d/s 









17-61. The 20-kg roll of paper has a radius of gyration 
k A = 90 mm about an axis passing through point A. It is 
pin-supported at both ends by two brackets AB. If the 
roll rests against a wall for which the coefficient of kinetic 
friction is fi k = 0.2 and a vertical force F = 30 N is 
applied to the end of the paper, determine the angular 
acceleration of the roll as the paper unrolls. 


300 mm 



m ( a ohl Ar c - 5, coc67.se 0 * 0 
+ tE ^ = m(aa) > : T *‘ sine7 -38° - 0 .2N e - 20(9.81) - 30 = 0 

= 4 ^ -°'^c(0.125) + 30(0.125) = 20(0.09)** 

Solving; 

At * 103 N 
T a j « 267 N 

a = 7.28 rad/s’ Ana 


t.jfe i 30 ►* 


17-62. Cable is unwound from a spool supported on 
small rollers at A and B by exerting a force of T = 300 N 
on the cable in the direction shown. Compute the time 
needed to unravel 5 m of cable from the spool if the spool 
and cable have a total mass of 600 kg and a centroidal 
radius of gyration of ko - 1-2 m. For the calculation, 
neglect the mass of the cable being unwound and the mass 
of rollers at A and B. The rollers turn with no friction. 


7'=300N 



( vs td - * - „ 
jpSKpggKg 




Equation of Motion : The mass moment of inertia of the spool about point O is 
given by I 0 - mkl = 600 ( 1.2 2 ) = 864 kg ■ m 2 . Applying Eq. 17- 16. we have 

£+ ZM 0 = I 0 a\ - 300(0.8) = -864a a = 0.2778 rad/s 2 


(poo(9-80 8 


inematic ; Here, the angulai 


equation 6 = 0 O + o) 0 r+ - ar*, we have 


■ = 6.25 rad. Applying 


6.25 = 0+0+ ^ (0.2778) f 2 


17-63. The door will close automatically using torsional 
sprmgs mounted on the hinges. Each spring has a stiffness 
k ^ so that the- tor<jue on - eadT"hinge' is^ 

M = (500) N • m, where 6 is measured in radians. If the 
door is released from rest when it is open at 6 -■ 90°, 
determine its angular velocity at the instant 0 = 0°. For 
the calculation, treat the door as a thin plate having a 
mass of 70 kg. 5 


i 

w, ^ t 

V 


4, _ Imf + md 2 = £(70) (1.2) 2 +70(0.6) 2 - 33.6 kg-m 2 
TM a , = /,.cr, 2(509) =-33.6(0) a--2.97629 


codco= ad 6 






*17-64. The door will close automatically using torsional 
springs mounted on the hinges. If the torque on each 
hinge is M = kd, where 8 is measured in radians, 
determine the required torsional stiffness k so that the 
door will close (8 = 0°) with an angular velocity 
co = 2 rad/s when it is released from rest at 6 = 90°. For 
the calculation, treat the door as a thin plate having - i A cr, 
mass of 70 kg. 

M = - 16.8a 

0.4 m B ~ kO = -16.8a 

I ttde = coda 


+ 70(0.6) 2 j(a) 


0.4 m 

B 


M 

1.5 m 



c | 

0.4 m 
-J _ 



Wif® 


N. X 


; <5> 




-kf°0d0 = 16£f 2 coda 

I 0 

l<|) 1 = ^ 

k = 27.2 Nm/rad / 


17-65. The kinetic diagram representing the general 
rotational motion of a rigid body about a fixed axis at O 
is shown in the figure. Show that / G a may be eliminated 
by moving the vectors m(a G ), and m(a G )„ to point P, 
located a distance r GP = kcjroa from the center of mass 
G of the body. Here k c represents the radius of gyration 
of the body about G. The point P is called the center of 
percussion of the body. 


m(ao) i r oo + fca = m(ao)' roo + ( m *&) * 
_ ( a c)i 


However, ti = r 0 a r cr ^ a ~ 



r>4/ 










17-66. Determine the position /> of the center of 
percussion P of the 10-lb slender bar. (See Prob. 17-65.) 
What is the horizontal force A x at the pin when the bar 
is struck at P with a force of F = 20 lb? 


Using the result of Prob 17-65 


& It 12 V. m 

'CP = -= --- 

'AG 1 



l ., = I/+i(=|i = |(4) = 2.67ft Ans 
6 2 3 3 

20(2.667) = [|(^)<4) J ]a 


a = 32.2 rad/s 2 


At * 3 

'’Til 


(j 0 ), = 2(32.2) = 64.4 ft/s 2 


A ZF, = m(a 0 ),; -A + 20 = (j^l 64 - 4 ) 


17-67. The 4-kg slender rod is supported horizontally by 
a spring at A and a cord at B. Determine the angular 
acceleration of the rod and the acceleration of the rod’s j 
mass center at the instant the cord at B is cut. Hint: The 
stiffness of the spring is not needed for the calculation. 


Since the deflection of the spring is unchanged 
ai the instant the cord is cut, the reaction at A is 

= -(9.81)= 19.62 N 














*17^ The operation of the doorbell requires the use 
of the electromagnet, which attracts the iron clapper AB 

Dinned at end A o_r . o a . . . ’ ! 


. —■ -wiaujjci sill 

pinned at end A and consisting of a 0.2-kg slender rod to 
* h ' C m h “‘J** ed the 0-04-kg steel ball having a radius of 
mm. If the attractive force of the magnet at C is 0 5 N 
on the center of the ball when the button is pushed 
determine the initial angular acceleration of the clapper 
Ihe spring is originally stretched 20 mm. 



= 


4 «: 


0.5(0.09) - 0.4(0.05) 
[j(O.2)(0.134) 


2 + 2 


—(0.04)(0.006) 2 + 0.04(0.140) J Ja 





** = 12.6 rad/s 2 


Ana 












17-69. The 10-lb disk D is subjected to a counterclockwise 
moment of M = (10 1 ) Jb - ft, where t is in seconds. 
Determine the angular velocity of the disk 2 s after the 
moment is applied. Due to the spring the plate P exerts 
a constant force of 100 lb on the disk. The coefficients of 
static and kinetic friction between the disk and the plate 
are = 0.3 and n k = 0.2, respectively. Hint: First find the 
time needed to start the disk rotating. 

Determine time required to start disk in motion. 

F = 0.3(100) = 301b 

QhXMo = 0; lOf- 30(0.5) = 0 


A/ = (10f)lb-ft 



(= 1.5 s 


F = 0.2(100) = 201b 


( + ZMo = /<,«; t0r-20<0.5) = [(])(^)(0.5) z ]a 


a = 2S7.6(f-1) 


f 2 257.6(r— 1) dt 
)q h.5 




a 1 = 96.6 rad/s Am 


m-'o-t 





17-70. If the support at B is suddenly removed, 
determine the initial reactions at the pin /t.The plate has 
a weight of 30 lb. 


Equation of Motion : The mass moment inerua of the plate about its mass center 
is I c = ( o 2 + b 2 ) = 1 )( 2 : + 2 2 ) = 0.6211 slug ■ fr. At the instant 

shown, the normal component of acceleration of the mass center for the plate (<%)„ 
= 0 since the angular velocity of the plate Q) — 0 at that instant The tangential 
component of acceleration of the mass center for the plate (Oc), = ar G = -/la. 












17-71. If the support at B is suddenly removed, l A = ^ f—) (3) 2 + — f —^ (3) 2 + f —^ (t.5 2 + 3 2 ) 

determine the initial downward acceleration of point C. ' ' . ' ' 

Segments AC and CB each have a weight of 10 lb. 

° = 4.6584 sing • fr 



*17-72. Determine the angular acceleration of the 25-kg ^ ^ M A = l A a: 1.5(1400 - 245.25) = | -<25)(3) 2 a 

diving board and the horizontal and vertical components L J 

of reaction at the pin A the instant the man jumps off. 

Assume that the board is uniform and rigid, and that at the +1 2L> F ‘ ~ 1400 ~ 245 25 ~ A > - -25(1.5or) 

instant he jumps off the spring is compressed a maximum 

amount of 200 mm, a> = 0, and the board is horizontal. m(a G )„. A, =0 

Take k - 7 kN/m. 


Solving, 











17-73. The disk has a mass of 20 kg and is originally 
spinning at the end of the strut with an angular velocity 
of (o = 60 rad/s. If it is then placed against the wall, for 
which the coefficient of kinetic friction is /x* = 0.3, 
determine the time required for the motion to stop. What 
is the force in strut BC during this time? 


=m(a c ), ; / 7 cjsin30°-A! t =0 
+ TZF, =m(a c ) r ; F ca cos 30° - 20(9.81) -t- 0. 3 jV, =0 

(+XM b = l, a-, 0.3A5, (0.15) = ^ (20)(0.I5) 2 ja 


Na = 96.6 N 


Fcb = 193 N Ans 


a = 19.3 rad/s 2 


0 J~ +cc e t 
0 = 60+ (-19.3)f 


t= 3.11s Ans 



0, JJm 









17-74. The disk has a mass M and a radius «. If a block 
of mass m is attached to the cord, determine the angular 
acceleration of the disk when the block is released from 
rest. Also, what is the velocity of the block after it falls a 
distance 2 R starting from rest? 



C+XMo =Z(\t,) e( ; mgg = a)+m(aR)R 

2mg 

a ~ R(U + 2m) A 


V 2 ■ Vo + 2 o(j-j,) 




v2 - o+2( «Sfe )(2/? -°> 


/ 8mgJt 
I (M+2m) 


17-75. The two blocks A and B have a mass m A and m B , 
respectively, where m B > m A . If the pulley can be treated, 
as a disk of mass M, determine the acceleration of block A. 
Neglect the mass of the cord and any slipping on the pulley. 


fviMo - nM 0 y, ~ “ ( i WrV + M ' ?a + Ma 


-M a ) 

t(\ M + M m + Ma ) 

aiM. 

(\u + M, + M a ) 


<mq ^3 _ 








*17-76. The lightweight turbine consists of a rotor which 
is powered from a torque applied at its center. At the 
instant the rotor is horizontal it has an angular velocity 
of 15 rad/s and an angular acceleration of 8 rad/s 2 . 
Determine the internal normal force, shear force, and 
moment at a section through A. Assume the rotor is a 
50-m-long slender rod, having a mass of 3 kg/m. 


(•— 10 m - 



<1 x m(a c )n ; Afc = 45<15) 2 (17.S) = 177 kN Am 


+ A LF,=m(a 0 ),; Va +45(9.81) = 45(8X17.5) 

V A = 5.86 kN Am 

f+IAf, = I(A4 ) a ; Ma +45(9.81X7.5) = [1(45)(15) 2 ](8) + (45(8)(17.5)1(7.5) 

\f, = 50.7 kN • m Am 


■ 

'v^Tj 

Am 




i 

+7 


n-TJ, The two-bar assembly is released from rest in the 
position shown. Determine the initial bending moment at 
the fixed joint B. Each bar has a mass m and length l. 



Assembly: 

l A = ^m ( 2 + + m (( 2 + (-)*) 


C+IA^ = I A or, mg(~) + mg(D = (1.667mi 2 )a 



Segment BC: 


C+XM, - kh)*; M - + m ^ + t 5 ) * ), " a( S77IS )< l ) 






17-78. The armature (slender rod) AB has a mass of 
0.2 kg and can pivot about the pin at A. Movement is 
controlled by the electromagnet E, which exerts a 
horizontal attractive force on the armature at B of F„ = 
(0.2(10 ')/ 2 ) N, where / in meters is the gap between the 
armature and the magnet at any instant. If the armature 
lies in the horizontal plane, and is originally at rest, 
determine the speed of the contact at B the instant / = 
0.01 m. Originally / = 0.02 m. 


Equation of Motion : The mass moment of inertia of the armature about point A 
is given by I, =I c + mr - a - -L(0.2)(0.15 2 ) +0.2 ( 0.075 2 ) = 1.50(l0' 5 ) 
kg m 2 . Applying Eq. 17 - 16, we have 


-I a «; 


0 . 2 < 10 -3 ) 

- -p -(0.15) = 1.50( 10‘ 3 ) a 

0.02 


Kinematic: From the geometry, / = 0.02-0.15e. Then, dl=-Q.iSd$ or 

0.15' AtSO ’ m ~ 0 15 hence ^ = ■ Substitute into equation otdco 

= adO, we have 


f dt> 

= a LJL) 

loT5, 

{ 0.15 J 


vdv * -O.lSctdl - 

J u ^=f 00, "-o. 15 f2£?> 

° J 0.02m W 2 J 

ti = 0.548 m/s 


__ a 



hZOO^J 



17-79. The wheel has a mass of 25 kg and a radius of 
gyration k B - 0.15 m. It is originally spinning at 
a>i 40 rad/s. If it is placed on the ground, for which 
the coefficient of kinetic friction is ,/c = 0.5, determine 

" tne/'me-required for the motrorr to srop.'Whaf are the- 

horizontal and vertical components of reaction which 

the pm at A exerts on AB during this time? Neglect the 
mass of AB. i 



4 = mti = 25(0.15) 2 = 0.5625 kg • m 2 
+ TSF, = m(a 0 ) y ; (}) F A , +A- C -25(9.81) = 0 

-mfdo),; 0-51V c -(f)5, =0 

X+IM S =/, or; 0JAr c (03) = 0J625(-a) 
Solvings Eqs.[l], [2] and [3] yields : 
til, = 111.48 N N c = 178.4 N 
<*=-31.71 rad/i 2 


4, -f5s =0.8(111.48) = 892N Ans 

=0.6(111.48) = 66.9N Ans 




0 = 4 0+(-31.71)f 
»= 1.26 s- 













*17-80. The cord is wrapped around the inner core of 
the spool. If a 5-lb block B is suspended from the cord 
and released from rest, determine the spool’s angular 
velocity when r = 3 s. Neglect the mass of the cord. The 
spool has a weight of 180 lb and the radius of gyration 
about the axle A is k A = 1.25 ft. Solve the problem in two 
ways, first by considering the “system” consisting of the 
block and spool, and then by considering the block and 
spool separately. 


System : 

(ZZM A mZVthi 5(1.5) = (^)(1.25) J o + ( 5 | I )(1.5a)(1.5) 

a = 0.8256 rad/s 2 

( f+) fi>= fib +a c t 

fi)=0 +(0.8256)0) 
fi)= 2.48 rad/s Ans 

Also, 

Spool: 

(tZM A =Ucr, r(1.5) = (J|!j(1.25) 2 a 

Weight: _ 

+ 1 ZF y =m(aa),\ 5-T= ^i-jd.Sa) 
a = 0.8256 rad/s 2 

( (+) fi>=fflb +a e t 

fi>=0 +(0.8256)0) 

Ans 


a>= 2.48 rad/s 








■17-81. A 40-kg boy sits on top of the large wheel which 
has a mass of 400 kg and a radius of gyration k G = 5.5 m. 

If the boy essentially starts from rest at 6 = 0°, and the 
wheel begins to rotate freely, determine the angle at 

which the boy begins to slip. The coefficient of static. , 

friction between the wheel and the boy is = 0.5“ 4«M>*«+40«>(«M«) 

Neglect the size of the boy in the calculation. 02141 sine - a 



0.2141 sind «= a 
add » coda 


/* 0.2141 sine d$ - a da 

0 0 

- 0.2141 cos fl|j - la? 




WO (M)V 


l 40(t )«t 


- 0.2141 cos e|J - -a> 
a? = 0.4283(1-cos6) 

♦,/ZJy = m(r%),.; 392.4cosfl - At - 40(|» J )(8) 

*\ZF X . - mCflo),-; 392.4sine -0.5 N = 40(8)(a) 

AT - 392.4cose - 137.05(1-cose) - S29.45cose - 137.05 
392.4sine - 0.5(529.45cos 6 - 137.05) = 320(0.2141 sine) 
323.89sine - 264.73cose + 68.52 = 0 
-sine 0.8173cose - 0.2116 
Solve by trial and error 
e = 29.8° Ana 

Note: The boy win loose contact with the wheel when N = 0, i.e. 
N = 529.45cose - 137.05 = 0 
e - 75.0" > 29.8' 

Hence slipping occurs first 


17-82. Disk D turns with a constant clockwise angular 

__ - __ . • i , i* rr\ it-_.J 


initially at rest when it is brought into contact with D. 
Determine the time required for disk E to attain the same 
angular velocity as disk D. The coefficient of kinetic 
friction between the two disks is n k = 0.3. Neglect the 
weight of bar BC. 

Equation of Motion : The mass moment of inertia of disk £ about point B is 
given by l t = jmr 2 = ^(^)( ?) = °- 9317 slu S' ^ Applying Eq. 17- 16. 



+ T ZF y = 01 ( 00 )/. 

N -F gc s in 45° -60 = 0 

* 

'LMn ~ In &■ ' 

0.3N(1) = 0.9317a 























17-83. The bar has a weight per length of w. If it is 
rotating in the vertical plane at a constant rate <o about 
point O, determine the internal normal force, shear force, 
and moment as a function of x and 9. 


Forces: 

yo , 2 Nf] + S^o + 


wx f (1) 


Moments: 


la = M - S | 



O = M — -Sx 
2 


Solving (1) and (2), 


N = wx 




S = wx sin 0 


M = - u,’jc 2 sin 9 


*17-84. A force F — 2 lb is applied perpendicular to the 
axis of the 5-lb rod and moves from O to A at a constant 
rate of 4 ft/s. If the rod is at rest when 9 — 0 ° and F is 
at O when t — 0, determine the rod’s angular velocity 
at the instant the force is at A. Through what angle has 
the rod rotated when this occurs? The rod rotates in the 
horizontal plane. 


lo = j (4 f = 0.8282 slug • ft 2 



]T M 0 = Io<x : 2(4 /) = 0.8282(cr) 


a — 9.66 1 


dw = aclt 


f" dw = f 9.6 
Jo Jo 


When t = 1 s. 


(o = 4.83(1 ) 2 = 4.83 rad/s Ans 


d$ = a> dr 


f dd= f 4.83rd/ 
Jo Jo 


4t\^ )< 


$ = 1.61 rad = 92.2“ Ans 









17-85. The “Catherine wheel” is a firework that consists 
of a coiled tube of powder which is pinned at its center. 
If the powder burns at a constant rate of 20 g/s such that 
the exhaust gases always exert a force having a constant 
magnitude of 0.3 N, directed tangent to the wheel, 
determine the angular velocity of the wheel when 75% 
of the mass is burned off. Initially, the wheel is at rest and 
has a mass of 100 g and a radius of r = 75 mm. For the 
calculation, consider the wheel to always be a thin disk. 


r 




Mass of wheel when 75% of the powder is burned = 0.025 kg 

Time to bum off 75% = 0 075 *8 _ 3 , 

0.02 kg/s ’ 


m(t) =0.1 -0.02r 


Mass of disk per unit area is 


_ n 0.1 kg 

* = A = wn ^-- 5 65 ** k *'"' 1 


At any time t. 


0.1-0.02 t 


j O. t-0.02r 
I *(5.6588) 


+ ZM C =/ c a; 0.3r = -mr 2 a 

2 



m " (0.1-0.02 r)jH^ 

V *(5.6588) 


a = 0.6(/*(5.6588))[0.1 -0.02rJ*> 
a - 2.530[0 .1 -0.02rJ"’ 


t/tu= a dt 


2. 530J] [0.1 -O.lCrP dt 
a = 253^(0.1 - 0.02rp - 3.162] 


For t=3,75 s. 


<0 = 800 rad/s Ana 














17-86. The drum has a weight of 50 lb and a radius of 
avration k A = 0.4 ft. A 35-ft-long chain having a weight 
of 2 lb/ft is wrapped around the outer surface of 
so that a chain length of s = 3 ft is suspended as shown 
If the drum is originally at rest, determine^ angular 
velocity after the end B has descended s = 13 ft. Neglect 
the thickness of the chain. 




ZMa = I(A4V, 25(0.6) = ^)[(a)(0.6)](0.6) + [^]{0.4) 2 + ^ (0 


. Is = 0.022365 a + (0.24845 + 0.7826 - 0.022365) a 


1.1645 = a 

ad 6 = a[^codco 

lAMs (jLy adc » 


1.9398 J 13 5 ds = dm 


1.9398 




co= 17.6 rad/s 


A ns 


17-87. If the disk in Fig. 17-21a rolls without sCipping, 
show that when moments are summed about the 
instantaneous center of zero velocity, 1C, it is possible to 
use the moment equation 2Af /c - hc«, where he 
represents the moment of inertia of the disk calculated 
-abo ut the instantaneou s axis of ze r o v e loci t y .- 


'ZM, C = £(M )ic ; = fca+(macJr 

ince there is no slipping, a a = ar 
tm».- Z M K . = (lo + mrl )< x 


, the parallel-axis ihoerem. the m in parenthesis represents I,c Thus, 


ZM,c=hcU 


Q.E.D. 











*17-88. The 20-kg punching bag has a radius of gyration 
about its center of mass G of k G = 0.4 m. If it is initially 
at rest and is subjected to a horizontal force F = 30 N, 
determine the initial angular acceleration of the bag and 
the tension in the supporting cable AB. 



0.3 m 


A £5 = **(<*,)„; 30 = 20C4o), 

♦ tit; = T- 196.2 = 20(dfe), 

(, +XM g = l a a. 30(0.6) = 20(0.4) 2 a 

a =* 3.62 rad/s 3 An* 

= 1-5 m/s 2 

** * *o + »*/<? 

%t •= (.Oo ),J + (Oo)* 1 “ o(0.3)I 

(+ t) (<%), = 0 


f=*30N ■ 


HMi 




(0 6 )j 

W»0 


<9l)« 


Thus. 












17-89. The semicircular disk having a mass of 10 kg is 
rotating at to = 4 rad/s at the instant 8 = 60°. If the 
coefficient of static friction at A is fi s = 0.5, determine if 
the disk slips at this instant. 


Equation of Motion : The mass moment of inertia of the semicircular disk about 
its center of mass is given by / G = | (10) ( 0.4 2 ) - 10 ( 0.1698 2 ) = 0.5118 kg ■ m 2 . 

From the geometry, r CM = Jo. 1698 2 +0.4 2 - 2(0.1698) (0.4) cos 60° = 0.3477 m. 

., . , , . sin 8 sin 60° 

Also, using law of sines, = ~ 9 = 25.01°. Applying Eq. 17- 16, we 

have 

(+IM, = Z(M k ) A ; 10(9.81)(0.1698sin 60°) = 0,5ll8a 

+ 10(4;),cos 25.01°(0.3477) 

+ 10(4;), sin 25.01°(0.3477) [1] 

= '"(.4?),: F f = 10(4;), [2] 

+ T F; = m(.a G ) t ; /V - 10(9.81) =-10(4;)/.[31 

K inematics : Assume that the semicircular disk does not slip at A , then (a A ), = 0. 
Here, t 0/a - {-0.3477sin 25.01°i + 0.3477cos 25.01°J} m = {-0.1470S +0.31Slj} 
m. Applying Eq. 16- 18, we have 

a c = a A +axr CM -a> 2 r CM 

j = 6.40j + akx (-0.14701 +0.315lj)-4 2 (-0.14701 +0.3151J) 
-(%),' -(oo), j = (2.3523 -0.3151a)i +(1.3581 -0.1470a)j 


Equaling i and j components, we have 

( 4 ;), =0.3151a—2.3523 [4] 

(4;)y — 0.1470a— 1.3581 [5) 

Solving Eqs.[l], [2], [3], [4] and [5J yields 

a = 13.85 rad/s 2 ( 4 ;), = 2.012 m/s 2 (a G ) y = 0.6779 m/s 2 
5 = 20.12 N N =91.32 N 

Since F f < {F f ) mt% = fi t N = 0.5(91.32) = 45.66 N, then the semicircular disk 
does not slip. A ns. . 








17-90. The rocket has a weight of 20 000 lb, mass center 
at G, and radius of gyration about the mass center of 
k c = 21 ft when it is fired. Each of its two engines 
provides a thrust T = 50 000 lb. At a given instant, 
engine A suddenly fails to operate. Determine the +£M ^ 
angular acceleration of the rocket and the acceleration 
of its nose B. 


SO 000(1.5) - 

a = 0.2738 rad/s 2 = 0.274 rad/s 2 


+ TZ£ - 50 000 - 20000 = ——— 

32.2 


<b - 48.3 ft/s 2 




•» “ *o + «J/S 


Since d} = 0 


jlsTMoolfe 

VfiH- 


a, = 48.3j - 0.2738(30)1 
= 48.3j - 8.2141 

a, » /(48.3) 2 + (8.214)2 = 49.0 ft/s 2 


48 3 

• - '“'‘on - 8a3 ° * 


*17-91. Two men exert constant vertical forces of 40 lb 
and 30 lb at the ends A and B of a uniform plank which 
has a weight of 50 lb. If the plank is originally at rest, 
determine'the acceleration of its center and its angular 
acceleration. Assume the plank to be a slender rod. 




Equation of Motion : The mass moment of inertia of the plank about its mass 
center is given by I c = —ml 2 = IS 2 ) = 29.115 slug - ft 2 . Applying 


Eq. 17- 14, we have 


+ =m(o c ) 


■»—(&> 

Oc = 12.9 ft/s 2 


{+2M a =l G a; 30(7.5)-40(7.5) =-29.115a 

a = 2.58 rad/s 2 

*17-92. The uniform 50-lb board is suspended from 
cords at C and D. If these cords are subjected to constant 


acceleration of the board’s center and the board’s angular 
acceleration. Assume the board is a thin plate. Neglect 
the mass of the pulleys at E and F. 


a — 5.80 rad/s 2 














0.8 m 


i.6 m 


17-93. The spool has a mass of 500 kg and a radius 
of gyration kc, = 1.30 m. It rests on the surface of a 
conveyor belt for which the coefficient of static friction 
is fx s = 0.5 and the coefficient of kinetic friction is /x*. = 
0.4. If the conveyor accelerates at ac = 1 m/s 2 , deter¬ 
mine the initial tension in the wire and the angular accel¬ 
eration of the spool. The spool is originally at rest. 

4 y~] F x = m(a a )C. —F s + T = 500« G 
+ f F y = m (a c ) v ; N s — 500(9.81) = 0 

^+£\M c = l c ,oc. F,(l.6) - 7(0.8) = 500(1.30) 2 a 

a/. = a c + ap;c, 

(«;>)yj = “r;i - 0.8ai 
a G = 0.8a 
iV, = 4905 N 
Assume no slipping 

° r = S = 0 ! 8 = 1 - 25rad/S AnS 

a a =0.8(1.25) = 1 m/s 2 
T = 2.32 kN Ans 

F s = 1.82 kN 

17-94. The spool has a mass of 500 kg and a radius 
of gyration k c = 1.30 m. It rests on the surface of a 
conveyor belt for which the coefficient of static friction is 
fj .j = 0.5. Determine the greatest acceleration ac of the 
conveyor so that the spool will not slip. Also, what are 
the initial tension in the wire and the angular acceleration 
of the spool? The spool is originally at rest. 

4- £ F x = m(a a )_x : T - 0.5/V, = 500a G 
+ f Y^Fs = m(a G ) v ; N, - 500(9.81) = 0 

= lea, 0.5 AC, (1.6) — T(0.8) = 500(1.30) 2 a 

a,, = ac + a p /c 
(a,,),.j = a G i - 0.8ai 
«r; = 0.8a 
Solving; 

N, = 4905 N 
7 = 3.13 kN Ans 

a =1.684 rad/s Ans 

ac, = 1.347 m/s 2 
Since no slipping 
ac = a G + a c/a 



Since 

(7j)max = 0.5(4.905) = 2.45 > 1.82 
(No slipping occurs) 



ac = 1.35 m/s 2 Ans 
Also. 

= f/c«; 0.5 N, (0.8) = [500(1.30)- + 500(0.8) 2 )a 

Since N s = 4905 N 


a = 1.684 rad/s 


a c = 1.3471-(1.684)(1.6)i 







*17-96. Solve Prob. 17-95 if the cord and force F 
50 N are directed vertically upwards. 


-* T,F X = m(a a ) s ; Fa - 1®°°o 

t .At,+ 50-100(9-81) = Q_. 

£ + XJWfc =fc 50(0.25) —/u <0.4) = [100(0.3) J ]« 
Assume no slipping : ac — 0.4o 

g- 0.500 rad/s z Ans __ 

Og = 0.2 m/s 2 A5, =931 N F X =20N 
Since (K).„ = 0.2(931) = 186.2 N >20N 










17-97. The spool has a mass of 100 kg and a radius of 
gyration k a = 03 m. If the coefficients of static and kinetic 
friction at A are = 0.2 and /a* = 0.15, respectively, 
determine the angular acceleration of the spool if 
P = 600 N. 


2+ ZF X = m(flc) x ; 600 + F A = 100ao 

+ T LF y =m(a a ),; N A - 100(9.81) = 0 
( + ZMc - / c a; 600(0.25)- F A (0.4) = [ 100(0.3) 2 ]a 


Assume no slipping : ao = 0.4a 


a =15.6 rad/s 2 Ans 


a 0 = 6.24 m/s 2 N A = 981 N f A = 24.0 N 
Since (>;>„„ = 0.2(98i)= 196.2 N >24.0N ”OK 




i (trod 


/ifer o.2Sm 


17-98. The upper body of the crash dummy has a mass \ 


oi / j id, a center or gravity at u, ana a radius ot gyration 
about G of k c = 0.7 ft. By means of the seat belt this 
body segment is assumed to be pin-connected to the seat 
of the car at A. If a crash causes the car to decelerate at 
50 ft/s 2 , determine the angular velocity of the body when 
it has rotated to 6 = 30°. 



<,+ XM a = UM t ) A -, 7 5(1.9 sin 0) = [gj(0.7) 2 ]a + 














T = 5.61 N 


A ns 











*17-100. A uniform rod having a weight of 10 lb is pin- 
supported at A from a roller which rides on a horizontal 
track. If the rod is originally at rest, and a horizontal force 
of F = 15 lb is applied to the roller, determine the 
acceleration of the roller. Neglect the mass of the roller 
and its size d in the computations. 


\ 

i 



Equation of Motion : The mass moment of inertia of the rod about its mass 

cento- is given by l a = —ml 2 = —V 2 1 ) = 0.1035 slug ft 2 . At the instant 
12 12 V32.2 y v ' 

force F is applied, the angular velocity of the rod co = 0. Thus, the normal 
component of acceleration of the mass center for the rod (etc), - 0. Applying 
Eq. 17-16, we have 

ZF, = mfoo),; a c =48.3ft/s 2 

(+2A( 4 =E(A4) a ; 0 = (i^)(48.3)(l)-0.1035a 

a = 144.9 rad/s 2 


Kinematic : Since a = 0, (a^ M ) n = 0. The acceleration of roller A can be 
TSbtairt by analyzing the motion of points A and O. Applying Eq.16 - 17, we have 


a G ~ a A + l a CM ), + (*GM )„ 



144.9(1) 



(-) 





ik 

< 

(fyitW-ieo 


L a *k)rC° 

raj/s' 


•VT*0 


48.3 = a A - 144.9 
a A = 193 ft/s 2 


A ns 








17-101. Solve Prob, 17-100 assuming that the roller at 
A is replaced by a slider block having a negligible mass. 
The coefficient of kinetic friction between the block and 
the track is fi k = 0.2. Neglect the dimension d and the 
size of the block in the computations. 



Equation of Motion: The mass moment of inertia of the rod about its mass 

center is given by/ 0 . l*/ 2 = ±(^L)( 2 >) = 0.1035 slug ■ fr. At the instant 

force F is applied, the angular velocity of the rod m = 0. Thus, the normal 
component of acceleration of the mass center for the rod (%),, = O. Applying 
Eq. 17 - 16, we have 


EF n =m(a c ) ii ; 

=X(M t )a 


10-yV = 0 TV =10.0 lb 


15-0.2(10.0) = ^)^ =41.86 ft/s 2 

0 = (iH ) <41 ' 86)( 1 * “ a 1035 “ 


a= 125.58 rad/s : 


[ 4 1^] = a A + 125.58(1) +joJ 


41.86 = a A -125.58 
a A = 167 ft/s 2 


M 


Kinematic ; Since n> = 0, (^ M )„ = 0. The acceleration of block A can be 
obtain by analyzing the motion of points A and G. Applying Eq. 16- 17, we have 

“c=aa+(a CM ), + (a GM ) 



^‘■OfOiSoC 


(feft 


t*tZ5-560Y 

-iZ9?&rad/ ( ^ 












17-102. The lawn roller has a mass of 80 kg and a radius 
of gyration kc — 0.175 m. If it is pushed forward with a 
force of 200 N when the handle is at 45°, determine its 
angular acceleration. The coefficients of static and kinetic 
friction between the ground and the roller are = 0.12 
and flu — 0.1, respectively. 


200 N 



( F f ) mux = 0.12(926.22) = 111.15 N 


l c = 80(0.175) 2 = 2.45 kg • nr 
M c , = l<;a = 2.45(5.01) = 12.27 N • ra 
12.27 

F/ = o3oo = 6L4N< 11U5N aK - 



17-103. The two pin-connected bars each have a weight 
of 10 lb/ft. If a moment of M = 60 lb -ft is applied to bar 
AB, determine the initial vertical reaction at C and the 
horizontal and vertical components of react '°" a ;?. 

Neglect the size of the roller at C.The bars are initially 

at rest. 

Equation of Motion : The mass moment of inertia of rod AB and SC about 

21V = 0.6988 slug ■ ft 1 and 

their mass center are given by (Wan 12v.32.2./ 

(/ ) - 2 ^ 5 2 ) = 3.2350 slug ft 2 . At the instant moment M is applied, 

the zLguia! velocny of the rod AB . co AB =0. Thus, the normal component of 

acceleration of the mass center for the rod A B [(Oc^sl = 0. Since rod A B is 
rotating about fixed point A , (Uc) A g 

Applying Eq. 17 - 16 to FBD(a), we have 


^m A =t(M i ) A \ B, {3) - 60 = -0.6988a A B 


-(iS-) 11 ' 50 *'’"” in 


Since rod AB is rotating about fixed point A and 0> AB = 0. the normal and tangential 
components of acceleration of point B are given by (a B }„ = 0 ) AB r AB = 0 and (a e ), 
= “as r AB = 3 “xg • Applying Eq. 17 - 16 to FBD( b), we have 


—► ^ )X ’ 


B * 


+ TZF y =m(Oo),; c,+B y -50 = ^—j[(ao) BC ]„ [31 

f+SM, =S(H) b ; C y (4) -50(2) » 

+ (Si (ao) * c] > (2> ' 3 - 235 ° a * C 

Kina matte : It can be proven that <s BC = 0. Analyzing the motion of points B and 
C by applying Eq. 16 - 18 with r c/B = { -4i - 3j } ft, we have 


a c = a B + clbc x f ob *" ^bc^cvb 
Oci = 3a AB iH-f-agcIt) x(-4«-3j)-« 


Equating j components, we have 


a sc ~ ® 


Analyzing the motion of points B and G by applying Eq. 16 - 18 with r c/B 
= {—2i — 1.5J} ft, we have 

a c = a g +a sc x r oiB ~ "gc r c/g 

....[(^Wl^r(° C )g C lj = 3 a a» i ^ 0kXt - 2i - l - 5 j ) ~ 0 

[(ao)gcl i+ 0 a c)gclJ = 3a ae‘ 

Equating i and j components, we have 

[(Oc)gcl =3a ** [(“els c]» =< ^ 


Substitute the results obtained above into Eqs,[l), [2j, [3] and [4) and solve yields 

B, = 16.7 lb B > = 18.75 lb C, =31.25 lb - An» 

.ct AB = 3.578 rad/s : .7‘~ r 



ml r 30,b 


GO It-Jt 


—JT= - r 

i-fft 


W I ZH 


zh 1 Zjt 


3-215t C ^5> 
















*17-104. A long strip of paper is wrapped into two rolls, 
each having a mass of 8 kg. Roll A is pin supported about 
its center whereas roll B is not centrally supported. If B 
is brought into contact with A and released from rest, 
determine the initial tension in the paper between the 
rolls and the angular acceleration of each roll. For the 
calculation, assume the rolls to be approximated by 
cylinders. 





For roll A. 


= U or. T( 0.09) = i(8)<0.09) 2 a* 


For roll B 


(+ZMo = 8(9.8l)(0.09) = t(8)(0.09) 2 a s + 8a s (0.C9) 

+ T ZF,=m(ae),\ T- 8(9.81) = -8a„ (3) 


3C140* 



Y 


Kinematics: 


“s = »o + + (a t/o)m 


[?] = [?] + [ as( ?'° 9) ] + [01 


a B = a o + 0.O9a a (4) 


a o - 01 a (0.09) (5) 


Solving Eqs.(l) - (5) yields: 
a* =43.6 rad/s 2 A ns 

a, = 43.6 rad/s 2 Ans 


T=15.7N Ans 


a* = 7.85 m/s 2 


ao = 3.92 m/s 2 


t itX c0 Y 




msod 
















17-105. The uniform bar of mass m and length L is 
balanced in the vertical position when the horizontal 
force P is applied to the roller at A. Determine the bar’s 
initial angular acceleration and the acceleration of its top 
point B. 



i-ZF, - m(a G ) x ; P « 


C*JM a - / O or, P(^) « 

P m. -mLa 
6 


6 P 
mL 


A ns 


P 

•a “ “ 
m 


•i * *c 
-%i - 


=?i + £«. 

m 2 




* = m 


P La 
2 


£-£(S) 

m 2 ml 


2P 2? 




An* 




M 











*17-106. The ladder has a weight W and rests again 
the smooth wall and ground. Determine its angu 
acceleration as a function of 6 when it is released and 
slide downward. For .be caleutadob, .res. .be 

ladder as a slender rod. 


Equation of Motion : The mass moment of inertia of the ladder about its mass 

center is given by I 0 = —ml 2 = — ( —V l 2 ) . Applying Eq. 17-16, we have 
12 12 Vg J 

Q1M A = l(M t ) A ; N, (fain 9) - wgcos 0J = -[^(j)/*]« 

___ ^ ■ 


► X/i =m(o G ),; 




Kinematic : At the instant the ladder being released, the angular velocity of the 
ladder, co = 0. Analysing the motion of points A and B by applying Eq. 16 - 18 
with r SM = -fcos 0i - (sin 8j, we have 

a 8 = a A +axr, M -«i I r„ J 
-a B i = -a A j + (-ak) x (-/cos Oi - /sin 0j) - 0 


(%), i + (<Jc)yj = ~^Si» 

a 

a = --cos 9 

21 

A ns 


Equating ■ and j component, we have 



1 

_ Cn^\- =— r~sin fi)a _ ( = -X-CQsfilflf 












17-107. The 16-Ib bowling ball is cast horizontally onto 
a lane such that initially o> = 0 and its mass center has a 
velocity v = 8 ft/s. If the coefficient of kinetic friction 
between the lane and the ball is = 0.12, determine the 
distance the ball travels before it rolls without slipping. 
For the calculation, neglect the finger holes in the ball 
and assume the ball has a uniform density. 


A ZF, = m(a 0 ),;_0.12^ * —qg 

+ T ZF, =m(a a ),; A?,-16 = 0 


= /ear; 0.12 N A (0.375) = jj(^)(0.375) 2 ja 

Solving, 

Aft = 16 lb; a a = 3.864 ft/s 2 ; a = 25.76 rad/s 2 


When (he ball rolls without slipping v= <a(0.375). 
















17-108. The 10-lb hoop or thin ring is given an initial 
angular velocity of 6 rad/s when it is placed on the 
surface. If the coefficient of kinetic friction between the 
hoop and the surface is fx k = 0.3, determine the distance 
the hoop moves before it stops slipping. 


(U,) = 6 rad/s 



+ fZAt—10*0 W«10B> 

*-W, = m(a 0 ) x ; 0.3(10) - = 9.66 ft/s 2 

r+SW c = ^o; 0.3(10)(^) = (jiS_)(^) ! a a = 19.32 rad/s 2 

When slipping ceases, v 0 = o>r = 0.5a> (1] 


a> = 6+(—19.32)1 
v o “ ( v o)o 


Solving Eqs.[l] to (3] yields : 

1-0.1553* v c = 1.5 ft/s 00-3 rad/s 


f“*«+(vo) 0 /+i%/ 2 


17-109. The 15-lb circular plate is suspended from a pin 
at A. If the pin is connected to a track which is given an 
acceleration a A = 3 ft/s 2 , determine the horizontal and 
vertical components of reaction at A and the acceleration 
of the plate’s mass center G.The plate is originally at rest. 


= 0+0+i(9.66)(0.1S53) 2 
-0.116ft-1.40 in. 



Tj.iCpi'} «<- 



>9. ,* 





+ t a? "«(%),: 


C+TMe - 4a; A,(2) = Ijt^K^Ia 

% - + ■«, 

«u « 31 - 2a i 

7) (%), - o 


(0&h 


A, - 15.0 lb 
A, - 0.466 lb 
















17-110. A cord C is wrapped around each of the two 
10-kg disks. If they are released from rest, determine the 
tension in the fixed cord D. Neglect the mass of the cord. 


D 


For A: 

= r(0.09)= j^i(10)(0.09) 2 a.4 (1) 

For B: 

^+J^M b = I B a B ; T (0.09) = j^<10)(0.09) 2 a H (2) 
+ 4. Fy = «(«*)>■: 10(9.81) - T = 10a fl (3) 

an = ap + (,a B /p), + ( a B /p)„ 

(+ 4)0fl = 0.09a;,, 4- 0.09a; + 0 (4) 

Solving, 
a B = 7.85 m/s 2 
au = 43.6 rad/s 2 
a B = 43.6 rad/s 2 
T = 19.62 N 
A y = 10(9.8I)+19.62 
= 118 N Ans 



10(9.81) N 



"b * P 




■17-111. The assembly consists of an 8-kg disk and a 
10-kg bar which is pin connected to the disk. If the system 
is released from rest, determine the angular acceleration 
of the disk. The coefficients of static and kinetic friction 
between the disk and the inclined plane are ^ = 0.6 and 
li k — 0.4, respectively. Neglect friction at B. 










Disk: 

+\X,F, = m(a 0 ),; 

ylF, = m(ac ),; 

A,-ft+ 8 (9.8 l)sin30° = 8a o 

At-A, -8(9.8I)cos30° = 0 

(1) 

(2) 

"j 

/V 

j 

: l 




' .. . /¥ C. 


&ZM A = u a. 

ft (03) =Q(8 ) (°.3) 2 ]a (3) 



>0 

Bar: 



.-. .....( 

& 

A ZF, = m(a c }, ; 

10(9.81)sin30°-iV = 10oo 

(4) 



+/ZF y = m(a a ),; 

A4+A, -10(9.81)cos30° = 0 

(S) 

** 

/ 4 

■G:£Mg - h a \ _ 




Assume no slipping of the disk. 

<*c = 4.01 m/s J 



a c =0.3a (7) 


a = 13.4 rad/s 2 

A ns 



At = 109 N 


Solving. Eqs. (l)-(7), 

A, = 8.92N, A, ■ 41.1N, N, =43.9N 


fc = 16.1 N 

















*17-112. Solve Prob. 17-111 if the bar is removed. Tbe 
coefficients of static and kinetic friction between the disk 
and inclined plane are = 0.15 and /** - 0.1, respectively. 



+\ ££ s m(ac)x * 

8(9.81)sin30°-l p c * 8a<; (1) 

+/l>F y - m{ac) y \ 

-8(9.8l)cos30°+N c *0 (2) 

(+Z1 Vfc = fca; 

Pc(0.3)=[i(8)(0- 3 ) J ]« W 

Assume no slipping : <Jc = 0.3a 

Solving Eqs. (1)- 

(3): 

N c = 67.97 N. 


a a = 3 27 m/s 2 


a = 10.9 rad/s 2 


F c = 13.08 N 


(fcW =0.15(67.97) = 10.2 N< 13.08 N NO 

Slipping occurs 


Fc = 0. UVc 



f(<?. 


/ ' r 

F <- 



Z.oc 


Solving Eqs. (1) — (3): 
N c = 67.97 N 


a = 5.66 rad/s 2 Ann 
oc = 4.06 m/s 2 























18-L At a given instant the body of mass m has an 
angular velocity to and its mass center has a velocity v<> 
Show that its kinetic energy can be represented as T = 
jZ/cttf 2 , where I [C is the moment of inertia of the body 
computed about the instantaneous axis of zero velocity, 
located a distance fG/ic from the mass center as shown. 

T = ^mxf c + ^l 0 af where v 0 = or cue 

= -m (car cue) 2 + -Ic of 

= - ( mr aic + h ) of However mrhnc + Ic = he 
= l ~l,cof Q.EJD. 


18-2. Tlte wheel is made from a 5-kg thin ring and two \ 
2 ' k g slender rods. If the torsional spring attached to the i 
wheel’s center has a stiffness k = 2 N • m/rad, so that the 
torque on the center of the wheel is M = (28) N • m, 
where 8 is in radians, determine the maximum angular 
velocity of th e whee l i f it is ro tated two r evo l ut i on s and 
then released from rest. 



0 + f**20d0 = -[(1.583)(» J 

o 2 


(4*)* - 0.7917®* 


6) * 14.1 rad/s 


An* 







18-3. At the instant shown, the 30-lb disk has a 
counterclockwise angular velocity of 5 rad/s when its 
center has a velocity of 20 ft/s. Determine the kinetic 
energy of the disk at this instant. 


<» = 5 rad/s 


i'= 20 fit/s 



* 5 ( 3s )( 2o)2 


210 ftlb 


*18-4. The double pulley consists of two parts that are 
attached to one another. It has a weight of 50 lb and a 
centfoidal radius of gyration ot k 0 = 076 ftaridisf urriirig 
with an angular velocity of 20 rad/s clockwise. Determine 
the kinetic energy of the system. Assume that neither 
cable slips on the pulley. 


T=l/ 0 a& + lm A vli +^m s vb 


t= KS (0 - 6)2 ) (20)2+ KS)[ (20)(1) ] 2 4(S)[ (20)(0 - 5) ] j = 283 ft 








18-5. At the instant shown, link AB has an angular 
velocity (o AB = 2 rad/s. If each link is considered as a 
uniform slender bar with a weight of 0.5 lb/in., determine 
the total kinetic energy of the system. 


co AB = 2 rad/s W A 




D I 


Ogc = - = t.5 rad/s 


v c = l.S<4/2) = 8.4853 in./s 
r ic-o ■ ^( 2 ) ! + (4)2 = 4.472 
w « - 1-5(4.472) = 6.7082 in./s 



= 1.697 rad/i 




* 5 [ 5 ( ^ )( H )2,(1 - 697)J = 00188 ft lb 


! 18-6. Solve Prob. 17-58 using the principle of work and 

! energy. 


r, +ii/,- 2 =71 




£B= 4.78 rad/s Ans 


4-00 lb 



18-7. Solve Prob. 17-59 using the principle of work and 
energy. 


3; = r. 


o + \ m 50de = ir-L(-J 2 -) ( 2 ) J ] 
•'o 2L12'322 ;W J 


|<^) 3 = 0.05176O, 2 


to 10.9 rad/s 










*18*8- Solve Prob. 17-63 using the principle of work and 
energy. 


T, + zu,_ 2 - t 2 

0+ iff* SOB d0 . ^[i(70)(1.2) a Jffl 1 

» ,*n 

io M. *1^ 


m - 171 rad/s 


° ,P ~,» N i. applied to the cable, which 
causes the 173-kg reel to turn since it is resting on the 
two rollers A and B of the dispenser. Determine the 
angular velocity of the reel after it has made two 
revolutions starting from rest. Neglect the mass of the 
rollers and the mass of the cable. The radius of gyration 
of the reel about its center axis is k G = 0.42 m. 


ti +£t/i-2 = T 2 


0+20(2)(2jr)(0.250) = i[l75(0.42) 2 ]^ 


o>= 2.02 rad/s Ani 




nri9.nM 


O.ZSOfrvy 


Ala 













18-10. The tub of the mixer has a weight of 70 lb and a j 
radius of gyration k a - 1.3 ft about its center of gravity. 
If a constant torque M = 60 lb • ft is applied to the 
dumping wheel, determine the angular velocity of the tub 
when it has rotated 0 = 90°. Originally the tub is at rest 
when 0 = 0°. 



T t + IV X _ 2 = T, 

0 + «0(|) - 70(0.8) 
<» « 3.89 rad/s 



18-11. A yo-yo has a weight of 0.3 lb and a radius of 
gyration k Q = 0.06 ft. If it is released from rest, determine 
how far it must descend in order to attain an angular 
velocity a> = 70 rad/s. Neglect the mass of the string and 
assume that the string is wound around the central peg 
such that the mean radius at which it unravels is 
r = 0.02 ft. 



v o » (0.02)70 = 1.40 ft/s 
T t + £t /,_ 2 = T t 

o ♦ (0 .3)(j) = i ( ||)<i.40)* + 



0.3 li 






*18-12. The soap-box car has a weight of 110 lb, 
including the passenger but excluding its four wheels. 
Each wheel has a weight of 5 lb, radius of 0.5 ft, and a 
radius of gyration k = 0.3 ft, computed about an axis 
passing through the wheel’s axle. Determine the car’s 
speed after it has traveled 100 ft starting from rest. Hie 
wheels roll without slipping. Neglect air resistance. 



T, + 2£/,_ 2 = 3 


.. iwoo-w, . . IkJL, 

v c * 55.2 tt/s An* ItOU , 


fit st>° 


18-13. The pendulum of the Charpy impact machine has 
a mass of 50 kg and a radius of gyration of k A = 1,75 m. 
If it is released from rest when 0 = 0°, determine its angular 
velocity just before it strikes the specimen S,6 = 90°. 


n +xt/,_ 2 =n 


0 +(50) (9.81)(1.25) = i[(50)(1.75) 2 ]<$ 


Uf<m. 


[50 1%H>* 



0 )i = 2.83 rad/s A ns 













18-14. A motor supplies a constant torque or twist of 
M = 120 lb • ft to the drum. If the drum has a weight of 
30 lb and a radius of gyration of k 0 = 0.8 ft, determine 
the speed of the 15-lb crate A after it rises s = 4 ft starting 
from rest. Neglect the mass of the cord. 


Free Body Diagram : The weight of the crate does negative work since it acts 
in the opposite direction to that of its displacement s#.. Also, the couple moment 
M does positive work as it acts in the same direction of its angular displacement 
9. The reactions O x . O y and the weight of the drum do no work since point 0 
does not displace. 

Kinematic : Since the drum rotates about point 0, the angular velocity of the 
drum and the speed of the crate can be related by co D = — “ -pr = 0.6667 u,. 

rp l .j 

When die crate rises s = 4 ft, the angular displacement of the drum is given by 
.. S 4 

0 = _ s — ■ 2.667 raff..........—--- 

r D 1*5 

Principle of Work and Energy : The mass moment of inertia of the dram 

. i ( 30 i/ . . .... . ..2 ,_ i_ • _ r _ 


18-13, we have 


Je l m f ^ . s lu g- f t 2 . Applyin g &]• _ 



M= 120 lb'ft 


*;-.V 'W 


?i+1^,-2 =r 2 

1 j 1 j 

0 + M8 - W c s c - -I 0 (O +-m c t» c 

0+ 120(2.667) - 15(4) = ^(0.5963) (0.6667^ ) 2 + ^^j 
v A = 26.7 ft/s 



M-/20 It'ft 


% .. 


V^-15 It 


18-15. The hand winch is used to lift the 50-kg load. 
Determine the work required to rotate the handle five 
revolutions. The gear at A has a radius of 20 mm. 


100 mm 



20(0 A ) = 0,(130) 


When 0, = 5 rev. = 10 ?r 


0, « 4.8332 rad 

Thus load moves up 

s - 4.8332(0.1 m) » 0.48332 m 


U - J0(9.81)(0.48332) - 237 J 


UMaTeTsrai 








*18-16. The 4-kg slender rod is subjected to the force 
and couple moment. When it is in the position shown it 
has an angular velocity ot^ = 6 rad/s. Determine its 
angular velocity at the instant it has rotated downward 
90°. The force is always applied perpendicular to the axis 
of the rod. Motion occurs in the vertical plane. 


5(5<4)<3) j ]( 6) 2 + 15(j)(3) + 4(9.81)0.5) + 40(|) = 

a - 8.25 rad/a A ns 


18-17. The 4-kg slender rod is subjected to the force and 
couple moment. When the rod is in the position shown it 
has a angular velocity 6>j = 6 rad/s. Determine its 
angular velocity at the instant it has rotated 360°. The 
force is always applied perpendicular to the axis of the 
rod and motion occurs in the vertical plane. 


j; = t 2 

^[^(4)(3) 2 J(6) 2 + 15(2jt)( 3) + 40(2n) = 
<0 » 112 rad/t Ans 



1 


40 Nm 


■ 3 m 


j;.* 



18-18. The elevator car E has a mass of 1.80 Mg and the 
counterweight C has a mass of 2.30 Mg. If a motor turns 
the driving sheave A with a constant torque of M = 
100 N • m, determine the speed of the elevator when it has 
ascended 10 m starting from rest. Each sheave A and B 
has a mass of 150 kg and a radius of gyration of k = 
0.2 m about its mass center or pinned axis. Neglect the 
mass of the cable and assume the cable does not slip on 
the sheaves. 


8 = — = 28.57 rad 
0.35 


7] +£(/t_2 —Ti 

0 + 2300(9.81)(10)- 1800(9.81X10)+ 100(28.57) 


AT" 






tjooCtJw 


Ml 


= — (1800) (v) 2 + 


j(2300)(v) 2 + (2)i[l50(0.2) 2 ]^j ! 


LU 


51 907.1 = 2099V 2 


23C<3( 




E 



*J 4 11.30,4 
^I^(4)(3) 2 Ja> 2 


^[^(4)(3) 2 ]<» 2 



v = 4.97 m/s 


Ans 







18-19. The elevator car E has a mass of 1.80 Mg and 
the counterweight C has a mass of 2.30 Mg. If a motor 
turns the driving sheave A with a torque of M = 
(O.O60 2 + 7.5) N-m, where 0 is in radians, determine the 
speed of the elevator when it has ascended 12 m starting 
from rest. Each sheave A and B has a mass of 150 kg and 
a radius of gyration of k = 0.2 m about its mass center or 
pinned axis. Neglect the mass of the cable and assume the 
cable does not slip on the sheaves. 



9 =— =34.29 rad 
0.35 

r, +ic /,- 2 =r 2 

0-t-2300(9.813(12)- 1800(9.81)(12) + 2 (0.066 2 +l.S)d0 

= i(1800)(v) : + ^ (2300) (v) 2 +(2)^[150(0.2) 2 ]^) 

58860 +(O.O20 3 +7.50)||‘” = 2098.98V 2 
v = 5.34 m/s Ans 



tSQ (f. ?l)lJ 


Aj 




2?00 


*18-20. The pendulum consists of two slender rods each 
having a mass of 4 kg/m. If it is acted upon by a moment 
M = 50N*m and released from the position shown, 
determine its angular velocity when it has rotated (a) 90° 
and (b) 180°. Motion occurs in the vertical plane. 






r, + ££/,_, = 35 


[0+0] + 8(9.81)(1) + 4(9.81)<2) + S0(|) = |l|(8)(2)W + i[-i(4)(l)* + 4(2:)*]< 


235.5 = 13.5 e> 2 

CD = 4.18 rad/s Ans 





b> r, + xir ,_ 2 - r* 

[0+0] + 50(jr) = 13.Se> 2 













18-2L A motor supplies a constant torque M = 6 kN • m 
to the winding drum that operates the elevator. If the 
elevator has a mass of 900 kg, the counterweight C has a 
mass of 200 kg, and the winding drum has a mass of 600 kg 
and radius of gyration about its axis of k = 0.6 m, determine 
the speed of the elevator after it rises 5 m starting from rest. 
Neglect the mass of the pulleys. 



r, + xu,., = 5 



0 + 6000(^) - 900(9.8t)(5) + 200(9.81 )(3) = |(900)(v) 2 + i(200)(v) 2 

“ . t it6oo(So*r(^)*'~ 


V * 2.10 m/s 


Am 


118-22. The 20-kg disk is originally at rest, and the spring 
holds it in equilibrium. A couple moment of M = 30 N -m is 
then applied to the disk as shown. Determine its angular 
velocity at the instant its mass center G has moved 0.8 m 
down along the inclined plane.The disk rolls without slipping 


t 


Initial tension in spring : 

+ 1M a =0; -F, (0.2) + 20(9.81)sin30 <> (0.2) = 0 


F, = 98.1 N 


$1 = 


98.1 

150 


= 0.654 m 


0 8 

When 5 = 0.8 m the disk rotates 9 = — = 4 rad 


r, +xi/,. 2 =r 2 

0+20(9.81)<0.8sm30°) + 30(4)-jj(150)(0.8+0.654) 2 -i(150)(0.654) 2 j 

= ^i(20)(0.2) 2 j(U ! + i(20)(0.2ti# 2 
72=0.6<u 2 






O.Z 


0 ) — 11.0 rad/s 


A ns 








18-23. The 20-kg disk is originally at rest, and the spring 
holds it in equilibrium. A couple moment of M = 30 N-m 
is then applied to the disk as shown. Determine how far 
the center of mass of the disk travels down along the 
incline, measured from the equilibrium position, before it 
stops. The disk rolls without slipping. 


*XM a =0; -F,(0.2) + 20(9.81)sin30°(0.2)=0 

F s = 98.1 N 



QO 1 

s, = — = 0.654 m 
1 150 


When G moves s, the disk rattles 6 = 


r, +si /,- 2 =r 2 


0.2 


2 0(9, t/)hJ 


0 + 20(9.81)(s)sin30° + 3°^~ j-jj (150)(r +0.654) 2 - ^( 150 )(0.654) 2 j _ 0 


248. Is = 75 (s 2 + 1.308s + 0.4277) - 32.08 
248.1 = 75s + 98.1 



s = 2.00 m 


Ans 


*18-24. The linkage consists of two 8-lb rods AB and 
CD and a 10-lb bar AD. When 0 = 0°, rod AB is rotating 
with an angular velocity <o AB = 2 rad/s. If rod CD is 
subjected to a couple moment M = 15 lb • ft and bar AD 
is subjected to a horizontal force P = 20 lb as shown, 
determine oo AB at the instant 6 = 90°. 


i; + = 2 ; o 

+ [20(2) + 15 (f) 

2t 2 { 3 < 3Z2 )(2)2} “ l] + 5 < ^X 2a »* 

3u> 


V 




ispi" 

loti 

-2(8)(1) - 


Uty/U'# 


10 ( 2 )] 


5.74 rad/s 


Ans 



18-25. The linkage consists of two 8-lb rods AB and CD 
and a 10-lb bar AD. When 0 = 0°, rod AB is rotating with 
an angular velocity ai AB = 2 rad/s. If rod CD is subjected 
to a couple moment M = 15 lb • ft and bar AD is 
subjected to a horizontal force P = 20 lb as shown, 
determine a> AB at the instant 0 = 45°. 



r, + iv,., = r 2 

+ 5<5n )(4 > 2 

+ [20(2sin45*) + 15(£) -2(8)(l-cos45°) - 10(2-2cos43°)J 


to = 5.92 nd/s 


Ans 






18-26. The spool has a weight of 500 lb and a radius of 
gyration of k a = 1.75 ft. A horizontal force of P = 15 lb 
is applied to a cable wrapped around its inner core. If the 
spool is originally at rest, determine its angular velocity 
after the mass center G has moved 6 ft to the left. The 
spool rolls without slipping. Neglect the mass of the cable. 



So _ 

2.4 = 3.2 

For s a = 6 ft, then s A = 8 ft 

T, +iv,-j =r 2 


0+l5 (8)4[(Sl> l ' 75) V + -2(S> 2 ' W 


01 = 1.32 rad/s Ans 


18-27. The uniform bar has a mass m and length /. If it \ 
is released from rest when d = 0°, determine the angle 6 
at which it first begins to slip. The coefficient of static 
friction at O is n s = 0.3. r ■ 


T, + £t/,_ 2 - r. 


O+tnsfisinfl) = i[ + 



1 3 g ring 

I - 


i+XM ° “ ,o0cl «« - i± m i* + 


3 g cosO 




3;sin0 / 


mjslnS = 


At,At * 1.5mg sing 


+ 2af-«(%),; -A/ + m* cosS = m(^~£)(l) 


*18-28. The system consists of a 20-lb disk A, 4-lb "f 
slender rod SC, and a 1-lb smooth collar C. If the disk 
rolls without slipping, determine the velocity of the collar 
at the instant the rod becomes horizontal, i.e., 9 = 0°. The 
system is released from rest when 9 = 45°. 


At = 0.75 m g cos 0 


At, = 

0.3 = 2 tan® 


0 = 8.53° 



"0e*o J.5ft 


r, + - r 2 


0+ HhSiinAS*) + l(3sm45°) = \[ |(~)(3)*1<^)* + |(~)( v c ) J 
v c » 13.3 ft/s Ans J0 U 




Ans 




18-29. The two 2-kg gears A and B are attached to the 
ends of a 3-kg slender bar. The gears roll within the fixed 
ring gear C, which lies in the horizontal plane. If a 10- 
N ■ m torque is applied to the center of the bar as shown, 
determine the number of revolutions the bar must rotate 
starting from rest in order for it to have an angular velocity 
of coab = 20 rad/s. For the calculation, assume the gears 
can be approximated by thin disks. What is the result if 
the gears lie in the vertical plane? 

Energy equation (where G refers to the center of one of the two gears): 
MB = 73 

m = 2 +2 (0.200co AB )- + 



Using m ec3r ; 


;2kg./ c = -(2X0.150)’-: 


; 0.0225 kg • m 2 


When a> AB = 20 rad/s. 


Iab = ~ (3X0.400) 2 = 0.0400 kg • m 2 , and ro scar = 6 = 560 rad 

2 = 0.891 rev, regardless of orientation Ans 

109 = 0-0225 w\ B 4- 2(0.200) 2 <« 2 B + 0.0200« 2 B 


18-30. The assembly consists of two 15-lb slender rods 
and a 20-lb disk. If the spring is unstretched when 9 = 45° 
and the assembly is released from rest at this position, 
determine the angular velocity of rod AB at the instant 
9 = 0°. The disk rolls without slipping. 


7i + E 9,-2 = h 


B 



[0 + 01 4-2(15)(1.5) sin45° - -(4)[6 - 2(3)cos45°l 2 


ri ( 

/ 15 \ , I 

U(: 

i(3l2) (3)2 )^J 


o>ab = 4.28 rad/s 


Ans 



(O., — 0 


v b - 2oi ab 0) bc = co AB 



18-31. The uniform door has a mass of 20 kg and can be 
treated as a thin plate having the dimensions shown. If it is 
connected to a torsional spring at A, which has a stiffness 
of k = 80 N • m/rad, determine the required initial twist 
of the spring in radians so that the door has an angular 
velocity of 12 rad/s when it closes at 9 = 0° after being 
opened at 9 = 90° and released from rest. Hint: For a 
torsional spring M = kd, when k is the stiffness and 9 is 
the angle of twist. 


7i 4- £ U,_ 2 = T 2 


°+/ 


8061 dB = - 
% 2 


-( 20 )( 0 . 8) 2 


( 12) 2 


40 


V!)' 




307.2 



wwwfilsnlnr.in 


6n = 1.66 rad 


Ans 




♦18-3Z Pulley A weighs 15 lb and has a radius of 
gyration of k (} = 0.8 ft. If the system is released from rest, 
determine the velocity of the center O of the pulley after 
the 10-lb block moves downward 4 ft. Neglect the mass 
of the pulley at B. 


Kinematic : Since the cylinder rolls without slipping at point C. the instantaneous 
center of zero velocity is located at point C. Thus, 

s 0 4 

05 = 13 ^ = ‘- 333ft 


Q>= Ji2- = 

r OIIC r BllC 


Thus, m = ^ = 2v 0 and — = — 
0.5 0 0.5 1.5 


Vo Vg _ 

rTs “ 77’ = ^ v o■ 


Free Body Diagram : The weight of the block does positive work since it acts 
in the same direction of its displacement, whereas the weight of the pulley acts in the 
opposite direction to that oTTts displacement and hence does negative work. . 

Principle of Work and Energy : The mass moment of inertia of the pulley 

about po int Ois/ 0 =m kl = = 0.2981 slug ■ ft 2 . A p plying Eq._ 

18-13, we have 

.7i+5X: 2 =t 2 ... 

0+W B s B - W p s 0 = ~m B v 2 „ + + X -I 0 a? 

0+10(4)-15(1.333) = j^J(3u o ) J + l^jv=+i(0.2981)(2u o ) 2 

v 0 = 3,00 ft/s A ns 



Vo 


Ulic Vrc 



18-33. A ball of mass m and radius r is cast onto the 
horizontal surface such that it rolls without slipping. 
Determine the minimum speed % of its mass center G 
so that it rolls completely around the loop of radius R + r 
without leaving the track. 



+ 4 Ziv = "><%),: mg mi m(—) 

R 

v 2 - gR 

T, +»/,_, = r 2 


5 ( |«^)(^) + \mv% - mg(M) = i(|«^)(g) + i m( ^, 

1 i 1 2 i j 

j v o + 2 V o = 2gR + + 


v o = 3 jf-gR 











18-34. The beam has a weight of 1500 lb and is being raised 
to a vertical position by pulling very slowly on its bottom 
end A. If the cord fails when 6 = 60° and the beam is 
essentially at rest, determine the speed of A at the instant 
cord BC becomes vertical. Neglect friction and the mass of 
the cords, and treat the beam as a slender rod. 



r t 


3 


0+ 1500(5.629) — 1500(2.5) = V 500 ,. 

2'32.2 n 


v e “ = 14.2 ft/ s 


Am 



^fi¬ 
ve 1,506X4 


Sft 


< 0*0 


35 ft 




18-35. Solve Prob. 18-13 
energy equation.--- 


usi ng the conservation of 


Datum at lowest point. 

r, + H = 7 j + I* 


0 + 50(9 81)(l 25) = |[50(1. 75) 2 ]a/+0 
0)= 2.83 rad/s Ans 


*18-36. Solve Prob. 18-12 using the conservation of 
energy equation. 


*i + v t = 5 + 4 

0 + 0 = 4f-(— )vi + lr-£_)/n•)»#*£. 2 , . 1. 11<) , 

2 32-2 c 2 ( 32^ )(03) ( q 3 ) J + 2 ( 3Z2 )V ^ ~ 13 °O00sin3ff>) 


J5.2 ft/s 


Ans 


18-37. Solve Prob. 18-30 using the conservation of 
energy equation. 


Datum at lowest point 
7j + K =r 2 + q 

0+2[l5(1.5sm45°)] = 2^^^j(3) 2 ^,j + i (4)[6 - 2(3cos45°)f + 0 



co Aa = 4.28 rad/s 


Ans 






18-38. Solve Prob. 18-11 using the conservation of 
energy equation. 


v„ = (0.02) o> - 0.02(70) = 1.4 ft/s 
n + V, = r, + v 2 

0 + 0 = 5<||)(l-4) 2 ‘ i<0.«} 2 (-g)K70)’ - (0.3) * 
s « 0.304 ft Aas 


18-39. Solve Prob. 18-34 using the 
energy equation. 


conservation 


of 


T i * v i « $ + v 2 

0 . raws - jtgxr.,' , (BKOOJ) 

- v < - MJ ft/s Am 



*18-40. Solve Prob. 18-28 using the conservation of 
energy equation. 




T, + V, = 35 + V 2 



•<Jf Vi-''Vj. 
\ lirvi.ge 




0 + 4(1.5 sin45°) + l(3siD45°) = i[i(^)(3) J ](^) J + 1( J_)( Vc ) 2 + 0 


v c = 13.3 ft/s 


Ans 


18-4L The spool has a mass of 50 kg and a radius of 
gyration k Q = 0.280 m. If the 20-kg block A is released 
from rest, determine the distance the block must fall in 
order for the spool to have an angular velocity 
= 5 rad/s. Also, what is the tension in the cord while 
the block is in motion? Neglect the mass of the cord. 



v A = 0.2 to = 0.2(5) = 1 m/s 
System: 

T, + V, = T, + V 2 

[0 + 0] + 0 = i(20)(l) 2 + ^(50(0.280) 2 ](5) 2 -20(9.81) s 

t = 0.30071 m = 0.301 m Ans 

Block: 

n + «/,., = T t 

0 + 20(9.81X0.30071) - 71(0.30071) . i(20)(l) J 
1 63 N-Aas- 










18-42. When the slender 10-kg bar AB is horizontal it 
is at rest and the spring is unstretched. Determine the 
stiffness k of the spring so that the motion of the bar is 
momentarily stopped when it has rotated downward 90°. 

?$.n» 



1 

18-43. The 50-lb wheel has a radius of gyration about 
its center of gravity G of k c — 0.7 ft. If it rolls without 
slipping, determine its angular velocity when it has 
rotated clockwise 90° from the position shown. The spring 
AB has a stiffness k = 1.20 lb/ft and an unstretched 
length of 0.5 ft. The wheel is released from rest. *» + v \ = T * + v 2 



I 




18-44. The door is made from one piece, whose ends 
move along the horizontal and vertical tracks. If the door 
is in the open position, 6 = 0°, and then released, 
determine the speed at which its end A strikes the stop 
at C. Assume the door is a 180-Ib thin plate having a width i 
of 10 ft. 




r, + v, = 5 + v 3 

0 * 0 " + ~ 18 °( 4 > 
to m 6.3776 rad/s 




v c * «*5) * 6.3776(5) =» 31.9 m/s 


A ns 













18-45. The two bars are released from rest at the 
position a Determine their angular velocities at the 
instant they become horizontal. Neglect the mass of the 
roller at C. Each bar has a mass m and length L. 


Potential Energy : Datum is set at point .4 . When links AB and SC is at their 
initial position, their center of gravity is located ^sin 8 above the datum. Their 

gravitational potential energy at this position is mgj^sin 8 j. Thus, the initial 
and final potendal energies are 



= 2sin sj = mgisin 8 V 2 =0 


Kinetic Energy : When links AB and BC are in the horizontal position, then 
v B = <o AB L which is directed vertically downward since link AS is 
rotating about fixed point A. Link BC is subjected to general plane motion and its 
instantaneous center of zero velocity is located at point C. Thus, v B = ca BC r Bnc 
or co AB L = co bc L, hence o> AB = co BC = w. The mass moment inertia for link 

1 , fL \ 2 

AB and BC about point A and Cis (l AB ) A =(/ e c ) c = — mi, +ml — j 

= ~mL 2 . Since links AB and CD are at rest initially, the initial kineiic energy is 
7j = 0, The final kinetic energy is given by 


\ ~ “its + j(4c)c“sc 




3 


Conservation of Energy : Applying Eq. 18-18, we have 

t, + v,=t 2 +v 2 

1 2 2 

0 + mgLsm 0= -mi'cti +0 

[W. 

“as = “sc = <u= y — sin 8 



m&ik -- 

% 

— iim~ 


18-46. An automobile tire has a mass of 7 kg and radius 
of gyration k G = 0.3 m. If it is released from rest at A on 
the incline, determine its angular velocity when it reaches 
the horizontal plane. The tire rolls without slipping. 



v c =0.4 <b 


Datum at lowest point 


T x + H = T 2 + Vi 


0 + 7 (9.81) (5) = l (7)(0.4cu) 2 + i [7 (0.3) J ] of + 0 


> = 19.8 rad/s Ans 







18 ? 47 . The compound disk pulley consists of a hub and 
attached outer rim. If it has a mass of 3 kg and a radius 
of gyration kc = 45 mm, determine the speed of block A 
after A descends 0.2 m from rest. Blocks A and B each 
have a mass of 2 kg. Neglect the mass of the cords. 



T t + V, = ^ + V 2 

[©+ 0+ 0] + C0+0] = ^[3(0.045) 2 ]m 2 + I(2)(0.03<0) 2 +-(2)<0.1a» 2 - 
♦ 2 ( 9 . 8 , 2 

e- -ft. = 

-E ao3 

- H = 0.3 s,, 

Set s A = 0.2 

Substituting and solving yields. 

*> * 14.04 tad/s 



2 ( 9*1 )S A 


v„ = 0.1(14.04) = 1.40 m/« 


Ans 







*18-48. At the instant the spring becomes undeformed, 
the center of the 40-kg disk has a speed of 4 m/s. From 
this point determine the distance d the disk moves down 
the plane before momentarily stopping. The disk rolls 
without slipping. 



Datum at lowest point 

T \ + K =T 2 +\$ 

^(40)(0.3) 2 | 5 lj%l (40H4)J + 


2 (40)(4)2 *40(9.81)4sin30° = 0+ i ( 200 )* 


I00d 2 - 196.24-480 = 0 

Solving for the positive root 
4= 3.38 m Ans 


4/i Of \ a I 



4-od? 0*1 


18-49. The pendulum consists of a 2-lb rod BA and a 
6-Ib disk. The spring is stretched 0.3 ft when the rod is 
horizontal as shown. If the pendulum is released from rest 
and rotates about point D, determine its angular velocity 
at the instant the rod becomes vertical. The roller at C 
allows the spring to remain vertical as the rod falls. 

Potential Energy : Datum is set at point 0. When rod AS ls at vertical position, 
its center of gravity is located 1.25 ft below the datum. Its gravitational potential 
energy at this position is - 2( 1.25) ft lb. The initial and final stretch of the spring 
are0.3ftand (1.25-t-0.3) ft =1,55 ft, respectively. Hence, the initial and final 

elastic potential energy are -(2) (0.3 2 ) = 0.09 lb - ft and - (2) ( 1.55 J ) 

= 2.4025 lb ft Thus. 

V, = 0.09 lb ft V 2 = 2.4025 + [-2( 1.25)] = -0.0975 lb• ft 

Kinetic Energy : The mass moment inertia for rod AB and the disk about point 0 
216 (/xs) ° = n(3l2)(*) HsI^ 1 ' 252 ) =0.1178 slug ft 2 and (l D ) 0 

~ 2 ( 32 . 2 )^ °' 2S ^ = 0.005823 slug ■ fr. Since rod AB and the disk are initially 
at rest, the initial kinetic energy is 7; =0. The final kinetic energy is given by 

= 2 < ‘ , *e'>o ( ° 2 + 2 ( - Id ^o ( ° Z 
= j (0.1178) a> 2 + i (0.005823) tu 2 
= 0.06179m 2 

Conservation of Energy : Applying Eq. 18 - 18, we have 
T,+V, =T 2 +V 2 

0 + 0.09 = 0.06179m 2 + (-0.0975) 

m=1.74rad/s An. 


lft 5 k = 2 lb/ft 


a/S- 


*- 1 ft 












18-50. The assembly consists of a 3-kg pulley A and 

10-kg pulley B. If a 2-kg block is suspended from the cord, T ' + v ' m Tl + v * 

determine the block’s speed after it descends 0.5 m j t 

starting from rest. Neglect the mass of the cord and treat + 0 + ®) + f°l = 21 j(3)(0.03) 1 J(bJ + -[-( 10 )( 0 . 1 )*]<»J+ i( 2 )(v c ) 2 - 2 ( 9 . 8 i)( 0 j) 

the pulleys as thin disks. No slipping occurs. 

V 1 V C - o>j(0.l) = 0.03% 

100 mm 


a» = 10 v c 
% « 33.33v c 



Substituting and solving yeilds, 
v c = 1.52 m/s Ana 


18-51. A uniform ladder having a weight of 30 lb is 
released from rest when it is in the vertical position. If it 
is allowed to fall freely, determine the angle 9 at which 
the bottom end A starts to lift off the ground. For the 
calculation, assume the ladder to be a slender rod and 
neglect friction at A. 

Potential Energy : Datum is set at point A . When the ladder is at its initial 
and final posiuon. its center of gravity is located 5 ft and ( 5cos 9 ) fi above the 
datum. Its initial and final gravitational potential, energy are 30(5) = 150 ft' lb and 
30 ( 5cos 9 ) = 150cos 9 ft- lb respectively. Thus, the initial and final potential 

energy are 

V[ = 150 ft lb V, = 150cos 9 ft lb 

Kinetic Energy : The mass moment inertia of theladder aboutpoint 

_ L -21. V ' 0 2 1 + t Vs 1 ) = 31.06 slug- ft : . Since the ladder is initially at 
~ 12v32.2 J ' 1 ’ V32.2/ v . . . 

rest, the initial kinectic energy is T, = 0. Hie final kinetic energy is given by 





T, = -I. d> 2 = - (31.06) co 2 = 15.53d) 2 


Conservation of Energy : Applying Eq. 18- 18, we have 

r, + v, =r 2 + v 2 

0+150= 15.53d) 2 + 150cos 9 
a 2 = 9.66(1 -cos 9) 

Equation of Motion : The mass moment inertia of the ladder about its mass 
center is I G = ^ (^)( 1qI ) = 7 ' 764 slug ' ft2 ' l6 ’ we have 

. + £M A —£{%>*-; -30s» fl(S> = -7.764ff-^^2 jla(5)J (5). 

a = 4.83sin 9 


+ T IF = 01 ( 00 ) ■, A y -30 = [9.66(1 -cos <?)(5)]cos 9 


-{4.83sin 0(5)1 sin 9 


A = 30 - — ( 48.3cos 9 - 48.3cos 2 0+24.15sin 2 0) 

» 32.2 v 

= 30 - 45.Ocos 0+ 45.0cos 2 0-22.5sin 2 0 
= 30 - 45.Ocos 0+45.Ocos 2 0-22.5( l-cos 2 0) 

= 7.50(9cos 2 0-6cos 0+l) 

= 7.50(3cos 0- ! ) 2 

If the ladder lifts off the ground, then A, = 0. Thus, 

_ 7.50(3cos 0- I) 2 =0 _ 

0 = 70.5° 












nrtt SlCnder rod AB is attached a spring 

, H ' h ; haS 30 unstr etched length of 4 ft. If the rod is 
released from rest when 6 = 30°, determine its angular 
velocity at the instant Q = 90°. 8 



t • W + (4)* - 2(4)(4)ca»150* » 7.727 ft 

r, + v, = t 2 + Vj 


fcir 1 - ~ - —- 


0 + 25<2)sin30 e + i(5)(7.727 - 4) 2 = + 25(2) + I<5>(4^2 - 4) 2 


m m l.lg rad/s 


****** The 25-lb slender rod AS is attached to a spring 
BC which has an unstretched length of 4 ft. If the rod is 
released from rest when 6 = 30°, determine the angular 
velocity of the rod the instant the spring becomes 
unstretched. 


* = 5 lb/ft 



/ - ^(4)2 + (4)! - 2(4)(4)coil50° - 7.727 ft 

T, + v, - r 2 + v, 


WL. 


0+ 25(2)sia30 ,> + i(5)(7.727 - 4) 2 - |[i(^)( 4 ) 2 ]<B 2 + 25(2)(sin60“) + 0 


a » 2.82 rad/s 


18-54. A chain that has a negligible mass is draped over 
the sprocket which has a mass of 2 kg and a radius of 
gyration of k 0 = 50 mm. If the 4-kg block A is released 
from rest in the position s = 1 m, determine the angular 
velocity of the sprocket at the instant s = 2 m. 




0+0 + 0 = -(4)(0.1<a) 2 + i[2(0.05) 2 ]aj z -4(9. 81 )( 1 ) 


£»= 41.8 rad/s 


4 (j.SObl 





4 (9. Si) M 












18-55. Solve Prob. 18-54 if the chain has a mass of 
0.8 kg/m. For the calculation neglect the portion of the 
chain that wraps over the sprocket. 



r, + k = r 2 + v 

0-4(9.81)(1) - 2[0.8(i)(9.81)(0.5)] = +1^2(0.05} 2 ] £U? + X - (0.8)<2><0. la)) 2 

.-4(9.81)(2)-0.8(2)(9.81)(1) 



18-56. The disk A is pinned at O and weighs 15 lb. A 
1 -ft rod weighing 2 lb and a 1-ft-diameter sphere weighing 
10 lb are welded to the disk, as shown. If the spring is 
orginally stretched 1 ft and the sphere is released from 
the position shown, determine the angular velocity of the 
disk when it has rotated 90°. 



t, + v; = t, + v 2 


[o+o+oi + Jwof - 

+ + 5 ( 3B )<Vc) * _2<2J) + l< 4 K 1 + 2(*)) a 


Since 


(v 0 )j = 3.5o 
(v 0 )k - 2.5 a) 


Substituting and solving, yields 
Ans 


to * 1.73 rad/s 











18-57. At the instant shown, the 50-lb bar is rotating 
downwards at 2 rad/s. The spring attached to its end 
always remains vertical due to the roller guide at C. If the 
spring has an unstretched length of 2 ft and a stiffness of 
k = 6 Ib/ft, determine the angular velocity of the bar the 
instant it has rotated downward 30° below the horizontal. 


Datum through A. 


T, + M = T 2 + H 

itHsM®' * s™ 4 - 21 ’ • HP 

ta=2.30rad/s Ans 


18-58. At the instant shown, the 50-lb bar is rotating 
downwards at 2 rad/s. The spring attached to its end 
always remains vertical due to the roller guide at C. If 
the spring has an unstretched length of 2 ft and a stiffness 
of k = 12 lb/ft, determine the angle 0, measured below 
the horizontal, to which the bar rotates before it 
momentarily stops. 


(6> 2 ](2) 2 +|(12){4-2) 2 = 0 + |{12)(4 + 6sin© - 2) 2 - 5O(3sin0) 

61.2671 = 24(1 +3sinfl) 2 - I30sin9 

37.2671 =-6sin0 + 216sin 2 9 

Set x = sinS, and solve the quadratic equation for the positive root: 
sin0 = 0.4295 


6=25.4° 


Ans 









18-5& The end A of the garage door AB travels along the 
horizontal track, and the end of member BC is attached to 
a spring at C. If the spring is originally unstretched, 
determine the stiffness k so that when the door falls 
downward from rest in the position shown, it will have zero 
angular velocity the moment it closes, i.e., when it and BC 
become vertical. Neglect the mass of member BC and 
assume the door is a thin plate having a weight of 200 lb 
and a width and height of 12 ft. There is similar connection 
and spring on the other side of the door. 



(2f » (6) J + (CD) 2 - 2(6)(CD>co»I5» 
CD 2 - 1 1.S91CD + 32 = 0 
Se * eai »S the (mailer root: 

CD = 4.5352 ft 
5 + = ? + V 2 

0+0=O + 2[i(*)(8-4.5352) J J- 200(6 , 

* * 100 Ib/ft A „, 


iiitTilaM ival I ■ lAi lil IKl m (•■lifj 








19-1. The rigid body (slab) has a mass m and is rotating 
with an angular velocity o> about an axis passing through 
the fixed point O. Show that the momenta of all the 
particles composing the body can be represented by a 
single vector having a magnitude mv a and acting through 
point P, called the center of percussion, which lies at a 
distance r P / G = k%/r C /o from the mass center G. Here 
k a is the radius of gyration of the body, computed about 
an axis perpendicular to the plane of motion and passing 
through G. 

H ° =ira ° + r ^ n ^ = r G , oimVoHlcC0} when; 

r c,o(mv c ) + r „ a (mVa) = ra/Q (mVo)+ ^^ 

— ^ 

rP ' C = £75 However - = (or ao or r ao = »£ 

01 

ti 

r PlG = —S_ Q.E.O 

r CIO 



1 9 ' 2 - At a given insta nt, the body has a line ar 
momentum L = mv c and an anguiar momentum H <; = 
{o® computed about its mass center. Show that the 
angular momentum of the body computed about the 
instantaneous center of zero velocity 1C can be expressed 
as H/c = l K oi, where l, c represents the body’s moment 
of inertia computed about the instantaneous axis of zero 
velocity. As shown, the 1C is located at a distance r G /ic 
away from the mass center G. 


Pic - rone ( mv a ) + led, where v c = air a „c 


= roue (mcor al , c ) + l G a) 

= (/ G - + mr'a, c ) 01 

= he 01 Q.E.D. 


19-3. Show that if a slab is rotating about a fixed axis 
perpendicular to the slab and passing through its mass 
center G, the angular momentum is the same when 
computed about any other point P on the stab..— 


Since u c = 0, the linear momentum L = mv a = 0. Hence the angular momentum 
about any point P is 

P p ~ Iq 01 

Since tu ts a free vector, so is H/>. Q.E.D. 




■m&V 




www.elsolucionario.net 







*19-4. The space capsule has a mass of 1200 kg and a \ 
moment of inertia I c = 900 kg • m 2 about an axis passing 
through G and directed perpendicular to the page. If it is 
traveling forward with a speed v c = 800 m/s and 
executes a turn by means of two jets, which provide a 1 
constant thrust of 400 N for 0.3 s, determine the capsule’s 
angular velocity just after the jets are turned off. 


7 = 400 N 


vq = 800 m/s 



(»oh + zjM a dt = (H a ), 

0 + 2[400cos I5°(0.3)(1.5)] = 900(0, 
°h = 0.386 rad/s An* 


'*«OM 'ts 


r = 400N 


19 ‘ 5 - Solve Prob. 17-55 using the principle oT impulse 
and momentum. 


< C+) (Ho), + if Mo dt = (Ho) 2 

-0+/ o 3{t—,-»• ^dr* (O. iDa, 

3(/+5<r- 02 ')jJ =0.18 a 

«J= 20.8 rad/s 



19-6. Solve Prob. 17-54 using the principle of impulse 
and momentum. /. 


(»*), + zj*<,(* = (S h ), 


0 + j’stdt = [10(0.2 )*)<b 


:(3) - 0.4a> 


0 = S6.2 rad/s Ana 


n(v a ), + = m(v 0 ) 2 



(-») 0 + A, (3) = 0 

A, = 0 Asa 

(+T) 0 + A, (3) - 98.1(3) - 0 
A, = 98.1 N Ans 


www.elsolucionario.net 





19-7. Solve Prob. 17-69 using the principle of impulse 
and momentum. 

Time to stan motion: 

F = 100(0.3) = 30 lb 
+ ZMo = 0; 10f-30(0.5) =0 

/ = 1.5 s 

((+) (H 0 )i+Z\Modt=(H o ) 2 

0+f s 10/df-20(2- l.J)(0.5) = [I(^)(O.3) 2 ]<l> 

5/ 2 I?.j-5 = 0.038820/8 

co = 96.6 rad/s Ans 


*19-8: Sotve Prob. 17-80 using the principle of impulse 
and momentum. 


System: 

■v g = eu< 1.5) 

( f+) (^)t +sJa^ dt = (Hg) i 

o>= 2.48 rad/s Ans 


Block: 


vg = /aH.S).—— - 

(+i) m(v c )i F y dt = m(v a )2 

0 + 5(3)-T(3) = -|_[ c9a .5)J (!) 


Spool: 

( r +) ("a )i + Xj\f A dt = (H a h 


0+r<1.5)(3)=[(Jg)(l.25) 2 ]/8 (2) 

Solving Eqs. (1) and (2): 
r=4.81 ib 


lucionario.net 



19-9. Solve Prob. 17-73 using the principle of impulse 
and momentum. 


(->) «(vg,)i+ lj/i<* = m(v <a ) 2 

0 + r» c sw30°(f)-A(,«=0 
0,ST tc = N a 

(+T) «(v < 3>) t +XjF,dt = /n(v 0 ,) 2 

0+ 5i c cos30°t-20(9.81)t+0.3Ar (l f = 0 
0.866035c+0.3% = 196.2 

Solving: 

5c = 193 N An* 

% =96.553 N 





( C+> 

[^(20)(0.15) 2 j(60) - 0.3(96.553)r(0.15) = 0 
f *3.11.4.A ns. 


19-10. A flywheel has a mass of 60 kg and a radius of 
gyration of k G = 150 mm about an axis of rotation passing 
through its mass center. If a motor supplies a clockwise 
torque having a magnitude of M = (5/) N-m, where t is in 
seconds, determine the flywheel’s angular velocity in t = 
3 & Initially the flywheel is rotating clockwise at = 2 rad/s 


((^) (Ho)\ +XjMdt = (Hah 

60(0.15) 2 (2) + f 3 5 1 dt = 60(0.15) 2 <u — 
J o 


lo(f.!l)rt 



m= 18.7 rad/s 


Ans 







19-11. The pilot of a crippled F-15 fighter was able to 
control his plane by throttling the two engines. If the 
plane has a weight of 17 000 lb and a radius of gyration 
of k a - 4.7 ft about the mass center G, determine the 
angular velocity of the plane and the velocity of its mass 
center G in t = 5 s if the thrust in each engine is altered 
to T i = 5000 lb and Ti = 800 lb as shown. Originally the 
plane is flying straight at 1200 ft/s. Neglect the effects of 
drag and the loss of fuel. 



0 + 5000(5)(1 


(Hah +zJa/ g dt = (H c )i 

25)-800(5)(I.25) = [(i^2) (4 .7) 2 ] a , 


co =2.25 rad/s 


(-*) mivoth + dt = m{v C xh 


1200) + 5800(5) =(Eg2y voh 
(v c )2 - 1.25(10 3 ) ft/s 


*19-12. The spool has a mass of 30 kg and a radius of 
gyration k Q - 0.25 m. Block A has a mass of 25 kg. and 
block B has a mass of 10 kg. If they are released from 
rest, determine the time required for block A to attain a 
-speed of 2 m/s. Neglect the mass of the ropes.- 


i.zrtt- 

l 3001* 

/SOtOlk 

Hr 


v. 2 m/a 



<» - — = 6.667 rad/s 


v # - 6.667(0.18) - 1.20 m/s 
(.+ (Hoh +zjMdt= 


0 + 25(9.81)(0.3) 1 - 10(9.81)(0.18)(0 - 25(2)(0.3) + 30(0.25) 2 (6.667) + 10(1.20)(0.|) 


/ - 0.530 s 


19-13. The man pulls the rope off the reel with a 1 
constant force of 8 lb in the direction shown. If the reel 
has a weight of 250 lb and radius of gyration k G - 0.8 ft ! 
about the trunnion (pin) at A, determine the angular 
velocity of the reel in 3 s starting from rest. Neglect 
friction and the weight of rope that is removed. 



W. +zjM A dt= ( h a)z 


0 + 8(1.25)(3) 


= [|g<0.8) 2 ] a 



a = 6.04 rad/s 


i/w.elsolucionario.net 





1M4. Angular motion is transmitted from a driver 

wheel A to the driven wheel B by friction between the 

wheels at C. If A always rotates at a constant rate of 

16 rad/s, and the coefficient of kinetic friction between 

the wheels is /i* = 0.2, determine the time required for 

B to reach a constant angular velocity once the wheels 

make contact with a normal force of 50 N. What is the F * °' 2<50) = 10 N 

final angular velocity of wheel 3? Wheel B has a mass of , T r 

90 kg and a radius of gyration about its axis of rotation C ° ' 0 ' ~ ( o) * 

of k c - 120 mm. 

0 + (1Q)(0.09) t = (90(0.120) 2 ]ffl 





0 . 0*1 On*, 


16 ( 20 ) = < 0 ,( 90 ) 

a), = 3.556 nd/s = 3.56 r»d/s 


19-15. The impact wrench consists of a slender 1 -kg rod 
whichJs J SQmm long, and -cylindrical- end weights 
^ .nd B that each have a diantStr 
of 1 kg. This assembly is free to turn about the handle and 
socket, which are-attached to the lug nut on the wheel of 
a car. If the rod AB is given an angular velocity of 4 rad/s 
and it strikes the bracket C on the handle without 
rebounding, determine the angular impulse imparted to 
the lug nut. ___ 


4". = n( 1 X0.6-0.02)^2[I(J) ( o.01>^ 1(0.3)*] = 0.2081 kg . 
j\fdt= 4 ,;, <0 = 0.208 1(4) = 0.833 kg- m 2 /s A 



300 mm 

r/ X . 

300 min 


19-16. The space shuttle is located in “deep space” 
W f h ® r ® effects of gravity can be neglected. It has a mass 
?! 120 M S> a center of mass at G, and a radius of gyration 
- 14 m about the x axis. It is originally traveling 
forward at y - 3 km/s when the pilot turns on the engine 
at A, creating a thrust T = 600(1 - e^') kN, where t is 
in seconds. Determine the shuttle’s angular velocity 2 s 



( (+) (Bo )i + X. jMe dt = (Ha)2 
0 + £ 600 (10 3 ) (1 - r 31 ) (2) <* = [ i 20 (10 3 ) (14) 2 ] g> 

1200(l0 3 )^+^e-° 3, | = 120(l0 3 )(14) 2 ® 


t* 60 £>(t-e‘ M *j kti 










19>17. Hie drum has a mass of 70 kg, a radius of 
300 mm, and radius of gyration k 0 = 125 mm. If the 
coefficients of static and kinetic friction at A are fi s = 0.4 
and (ik = 0.3, respectively, determine the drum’s angular 
velocity 2 s after it is released from rest. Take 0 = 30° 



t+ (**), +z/w A <*» ( h a)2 

0 + 70(9.81)(sin30°)(0.3)(2) = (70(0.125)* + 70 ( 0 . 3 ) > 
ffl = 27.863 rad/s - 27.9 rad/s Am 
"KM, + dt - m^,), 

^ 0 + 70{9.81)sin30'’(2) - F( 2) = 70(27.863)(0.3) 

f - 50.79 N 

0 + ^( 2 ) - 70(9.81) cos30‘“(2) = 0 
N d = 594.7 N 

" 0^1(594.7) . 237.87 N > 50.79 N nic 



1»<W)n 


19-18. The double pulley consists of two wheels which ! 
are attached to one another and turn at the same rate. 
The pulley has a mass of 15 kg and a radius of gyration 
k 0 = 110 mm. If the block at A has a mass of 40 kg, 
determine the speed of the block in 3 s after a constant 
force E == 2.kM is-applied to the rope wrapped around 
the inner hub of the pulley. The block is originally at rest. 
Neglect the mass of the rope. —— 



«*+) {Ho), + z\M 0 dt = Off*), 


0 + 2000(0.075)(3) - 40(9.81)(0.2)(3) = 15(0.110)*<a + 40(0.2a>)(0.2) 


to = 120.4 rad/s 


v A = 0.2(120.4) = 24.1 m/s An* 


jyti.rnd 




T v* 0.34) 


i/w.elsolucionario.net 









19-19. The spool has a weight of 30 lb and a radius of 
gyration k 0 = 0.45 ft. A cord is wrapped around itsinner 
hub and the end subjected to a horizontal force P — 5 lb. 
Determine the spool’s angular velocity in 4 s starting from 
rest. Assume the spool rolls without slipping. 



P = 5 lb 


<+t) m(v,), + zfqdt = mtv,), 

0 + N A (4) - 30(4) = 0 
N a = 30 lb 

( 4 ) m(v,), + zj^dt - m(v ,) 2 

0 + 5(4) - 5(4) = ~ Vo 
<<■+) (Wo), + zfMadt - (W 0 ), 


0 + F a (4)(0.9) - 5(4)(0.3) =3^(0.45) 2 a) 

Since no slipping occurs 
Set v 0 «> 0.9» 

F a = 2.33 lb 


a> = 12.7 rad/s 


(^), + (/&), ____ 

0+ 5(4){0.6) - [^(0.45) 2 + ^(0.9) a ]a> 
to = 12.7 nd/s A ns 


mty' 


*19-20. The drum of mass m, radius r, and radius of 
gyration k 0 rolls along an inclined plane for which the 
coefficient of static friction is /x s . If the drum is released 
from rest, determine the maximum angle 6 for the incline 
so that it rolls without slipping. 

( A ) m(U0y')l + ^i^fy'dt=m(,Voy-)2 


0 + N a (?) - mgcosd(t) = 0 N a = mg cos 9 


m(Vox') i +lj' t 'F X ‘dt = m(v 0 x-h 


0 + mgsmd(t)-n, mg cos 9(t) = mv 0 


Since no slipping occurs, u 0 = car. Hence Eq.(l) becomes 
mgsind(t)- ft,mgcos6(t) = meor 




mg (sin6-f/, cos 6) 


( C + ) ha>\+ £ j ( ' s M a dt= I A a>i 

0 + mgsin 9(r)(t) = +mr ! ]ai 


mgr sin 9 


Equating Eqs.(2) and (3) 


mg(sin0-M.cos0) mgr sin 6 


fl = an -[ ^± ^ Ans 
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19-21. The 12-kg disk has an angular velocity of m = 
20 rad/s. If the brake ABC is applied such that the 
magnitude of force P varies with time as shown, 
determine the time needed to stop the disk. The 
coefficient of kinetic friction at B is /u* = 0.4. 


Equations of Equilibrium : Since slipping occurs at B, the friction F f 
= H t N B = 0.4/V fl . From FBD(a), the normal reaction N s can be obtained 
directly by summing moments about point A. 

Qw a =0\ N b (0.5) - 0.41V S (0.4) - P( 1) = 0 

N B = 2.941 P 

Thus, the friction /y = 0.4Nj = 0.4(2.941P) = 1.176f. 

Principle of Impulse and Momentum : The mass moment inertia of the 
cylinder about its mass center is I 0 = 1(12) (0.2 2 ) = 0.240 kg m\ Applying 
Eq. 19- 14, we have 

.- _ ...../ a £fl, +l|’ : M a dt- lotth .... 

'i 

({*■) -0.240(20)+ fl.l76jVdf^(0.2) =0 [11 

However, j Pdt is the area under the/’-/graph. Assuming t> 2 s, then 

o 

f' 1 

J Pdt = — (5){2) + 5(t-2) =-(5r-5) N s. Substitute into Eq. [ 1] yields 

. -0.240(20) + 1.176(5/- 5H0.2) =0. .... .. 

/ = 5.08 s Ans 

Since t = 5.08 s > 2 s, the above assumption is correct. 



P 





■ Z'H7C,P 



19-22. The pulley has a weight of 8 lb and may be treated 
as a thin disk. A cord wrapped over its surface is subjected 
to forces T A = 4 lb and T„ = 5 lb. Determine the angular 
velocity of the pulley when t = 4 s if it starts from rest 
when t = 0. Neglect the mass of the cord. 


Principle of Impulse and Momentum : The mass moment inertia of the 
pulley about its mass center is I 0 = j(0.6*) = 0.04472 slug ■ ft . 

Applying Eq. 19 - 14, we have 

loco i +.2J M 0 dt^ l 0 Ph 

<i 

((h) 0+[5(4)1 (0.6)-[4(4)1 (0.6) =0.04472/0, 

* o >2 = 53.7 rad/s Ans 



'w.elsolucionario.net 







19-23. The inner hub of the wheel rests on the horizontal 
track. If it does not slip at A, determine the speed of the 
10-lb block in 2 s after the block is released from rest. 
The wheel has a weight of 30 lb and a radius of gyration 
k G = 1.30 ft. Neglect the mass of the pulley and cord. 



((.+) Wi + Z$M A dt = (H a ) , 




(+1) + z/f, dt - m(v,) 2 


0 + 10(2) - 7T2) = ~v, 
32.2 * 

vj - 34.0 ft/s am 


T - 4.73 lb 




*19-24. For safety reasons, the 20-kg supporting leg of 
asignisdesignedtobreakawaywith negligible resistanee - 
at B when the leg is subjected to the impact of a car. 
Assuming that the leg is pin supported at A and 
approximates a thin rod, determine the impulse the car 
bumper exerts on it, if after the impact the leg appears 
to rotate upward to an angle of 0 max = 150°. 


ii iWb . • • 

T .U 






U n>i + I A oh 

0+-/(1.75j = jj(20)(2) 2 ja?! 


oh = 0.065625/ 


■'iXt-iO't 




r 2 + H = r 3 +■ h 


if|(20)(2) 2 J(0. 


/ = 79.8 N' s 


065625/) 2 + 20(9.81)(-1) = 0+20(9.81)(lsin60°) 


I S 
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7' a s " oolh : 
iB “ 8U| “ »Se ,Sl7, 



(-*) «(Va»)i + IJ^5 = m ( v ax)i SLtrS 

j£^u3 

4 10 0.5ft T| 

0 + 20(-) + 5cos60° = —(v 0 ), } i, S • 

JOll-S^ - - .—^ 

(+*f) Bl(. v Oy)l ■*■ & ~ W ( V G>)2 •!?) 


0 + 20(-) - 5sin60° 


(<V) / 0 <a i + dJa** = / 0 fl> 2 


0 + 20(-)(l) + SsineO'O.J) + 5cos60°(0.5) - —(xrrltd) 2 + (2) 2 )a> 


to = 119 rad/s 


(Vo), = 59.6 ft/s 
(Vo), = M.7 ft/s 


v c = /(59.6)2 + (24.7)2 = 64.5 ft/s 

7A 7 

tf “ t Mf ’^~ 22J * _ 


19-26. The ball of mass m and radius r rolls along an 
inclined plane for which the coefficient of static friction 
is n. If the ball is released from rest, determine the 
maximum angle 0 for the incline so that it rolls without 
slipping at A. 


+/ s(v,) 1 +4' f ,* = ffl(v ’ ) > 

0 + NO) - (mgcosfl)! ■ 0 

N+ *(»,),+ 

0 + (mjsine)* -fiNt= m(ra » 

f+ (Hg), + M c dt = (H b ) 2 


_ 2 2 

0 + flNrt = (r*w )» 


N = ms cos® 

mg sin0 t- /wngcosSt = mm 



5 (sin 0 - )icos0) 


w __ ) = -mSto 
iaO-ficos0) 5 


pcosB = j(**« - gcos0) 
3.5/Jcos© = sin© 


tan© = 3.5 m 
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19-27. The spool has a weight of 75 lb and a radius of 
gyration ko = 1.20 ft. If the block B weighs 60 lb, and 
a force P = 25 lb is applied to the cord, determine the 
speed of the block in 5 s starting from rest. Neglect the 
mass of the cord. 



(Wo). +J2 / M odt = {Hoh 


0 - 60(0.75)(5) + 25(2)(5) = — (1.20) 2 <o 


+ I ^(0.75»)| (°- 75 > 


co = 5.679 rad/s 


v B = cor = (5.679X0.75) = 4.26 ft/s 



*19-28. The hoop (thin ring) has a mass of 5 kg and is 
released down the inclined plane such that it has a back- 
spin co = 8 rad/s and its center has a velocity v c , = 3 m/s 
as shown. If the coefficient of kinetic friction between the 
hoop and the plane is x* = 0.6, determine how long the 
hoop rolls before it stops slipping. 


v a = 3 m/s 


<o=8 rad/s 



/ + m 


l ’*l + 12 f F * 


dt = mv x 2 


5(3) + 49.05 sin 30° (O - 25.487 1 = 5o c 
4 " + ("g)i +12 j M G dt = (H ( ;h 

- 5(0.5) 2 (8) + 25.487(0.5)(r) = 5(0.5) 2 (^|) 


Solving. 


vc = 2.75 m/s 


49.05 N 
30° I 


- F = 0.6 N = 25.487 N 


1 N= 42.478 N 


1 = 1.32 s 
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19-29. If the ball has a weight W and radius r and is 
thrown onto a rough surface with a velocity v 0 parallel to 
the surface, determine the amount of backspin, o> 0 , it must 
be given so that it stops spinning at the same instant that 
its forward velocity is zero. It is not necessary to know 
the coefficient of friction at A for the calculation. 



A 


) m(v a ,h +Xff x dt = m(v Gl h 

____ yy __ 

—v 0 - Ft = 0 (t) 

g 


((+) (Hah +zjM a dt = (Hch 

+Ft(r)=0 (2) 

Eliminate Ft between Eqs. (1) and (2): 

If )-»> 

ttb - 2.5^ j An* 


w 
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19-30. The square plate has a mass m and is suspended 
at its corner A by a cord. If it receives a horizontal impulse 
I at corner B, determine the location y of the point P 
about which the plate appears to rotate during the impact. 



tt+> («o)i +2j«o*» (Hah 


0 + /<-^=) = -^(a* + a 2 ) to 

(■U) <n(v e ,), + = m(v a ,) 1 

0 + / = mv c 





y = « _i_ . & 

y 40 ® 

3J2 J2 J2 

y = —i—a - J —a - — a An* 

6 6 3 


19-31. The car strikes the side of a light standard, which is 
designed to break away from its base with negligible 
resistance. From a video taken of the collision it is observed 
that the pole was given an angular velocity of 60 rad/s when 
AC was vertiealrThe pole has a mass of 175 kg, a center of 
mass at G, and a radius of gyration about an axis 
perpendicular to the plane of the pole assembly and passing 
through G of k c = 2.25 m. Determine the horizontal 
impulse which the car exerts on the pole while AC is 
essentially vertical. 




( (+) (Ha )I + 2 j Me dt = (H ch 

0+[j> <*J(3.5)= 175(2.25) 2 (60) 

jfdt= 15.2 kN • s Ans 
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*19-32. The double pulley consists of two wheels which 
are attached to one another and turn at the same rate. 
The pulley has a mass of 30 kg and a radius of gyration 
k Q = 250 mm. If two men A and B grab the suspended 
ropes and step off the ledges at the same time, determine 
their speeds in 4 s starting from rest. The men A and B 
have a mass of 60 kg and 70 kg, respectively. Assume they 
do not move relative to the rope during the motion. 
Neglect the mass of the rope. 



(.+ (»o)i + if Modi = (Ha), 

0 ♦ 588.6(0.3S0)(4) - 686.7(0.275,(4) = 30(0.25)’* + 60(035*0X35) + 70(0.275*,(am 


o> = 4.73 rad/s 

v„ « 035(4.73) = 1.66 m/s 

v, = 0.275(4.73) = 1.30 m/s 



19-33. The crate has a mass m c . Determine the constant 
speed v 0 it acquires as it moves down the conveyor. The 
rollers each have a radius of r, mass m, and are spaced d 
apart. Note that friction causes each roller to rotate when 
the crate comes in contact with it. 



Hie number of roDam per vat knife 1 

Thus in one second, ^ rollers are contacted. 
a 

If a roller it brought to full angular speed of a> 
then flic moment of inertia that is effected is 

r - /(^)(«b) = c| m r 2 )(^)«b 

Since the frictional implnse is 
F «= m c sin 6 then 

(.+ (JSfe), +zjM e dt= (Hoh 


0 + (m c sin0) rtf, 




— inti, seconds. 



I(2gsin0 d)(^) 


Ant 




19-34. Two wheels A and B have masses m A and m R 
and radu of gyration about their central vertical axes of 
k A and k B , respectively. If they are freely rotating in the 
same direction at co A and co B about the same vertical axis 
determine their common angular velocity after they are 
brought into contact and slipping between them stops. 


fISyst. Ang. Mora.), = (XSyst. Ang. Mom.) 2 
(m A kZ)cot +(m s l£)co !l = +(m s l4)a)' ll 

Sei o A co Q =s ax then 

co- — Mjjjl +m & l 4 C0 B 

+m B kjj Ans 


19-35. A horizontal circular platform has a weight of 300 
lb and a radius of gyration k z = 8 ft about the z axis 
passing through its center O.The platform is free to rotate 
about the z axis and is initially at rest. A man having a 
weight of 150 lb begins to run along the edge in a circular 
path of radius 10 ft. If he has a speed of 4 ft/s and 
maintains this speed relative to the platform, determine 
the angular velocity of the platform. Neglect friction. 


v„ = v, + y mlp 

v„=-l0o>+4 


((+) <ff £ ),=.(«*) 2 


co=0. 175 rad/s 


Ans 






*19-36. A horizontal circular platform has a weight of 
300 lb and a radius of gyration k z » 8 ft about the z axis 
passing through its center O.The platform is free to rotate 
about the z axis and is initially at rest. A man having a 
weight of 150 lb throws a 15-lb block off the edge of the 
platform with a horizontal velocity of 5 ft/s, measured 
relative to the platform. Determine the angular velocity of 
the platform if the block is thrown (a) tangent to the 
platform, along the +t axis, and (b) outward along a radial 
line, or +n axis. Neglect the size of the man. 


h 0 = (sTi ) (v * )(10) - (i? )< 8)2 (jf 2 > io ®kio) 


vj = 228<u 



v» = v„ + v blm 


v* =-l0&)+5 


228<d = -10<u+5 



(0= 0.0210 rad/s An* 


(«:). = (H z h 


= a- VOhdOOJ 


0 )= 0 An* 


19-37. Each of the two slender rods and the disk have V 
the same mass m. Also, the length of each rod is equal to 
the diameter d of the disk. If the assembly is rotating with 
an angular velocity wj when the rods are directed 
outward, determine the angular velocity of the assembly 
if by internal means the rods are brought to an upright 
vertical position. 


®. - Hi 


frwtrlVi + 2 (—md 2 )a>, + UnuP <»,) - + 2m<|)V 


eef = jco, 









19-38. The man sits on the swivel chair holding two 5-lb 
weights with his arms outstretched. If he is turning at 3 rad /s 
in this position, determine his angular velocity when the 
weights are drawn in and held 0.3 ft from the axis of rotation. 
Assume he weighs 160 lb and has a radius of gyration 1 
k z — 0.55 ft about the z axis. Neglect the mass of his arms 
and the size of the weights for the calculation. 



Mass Moment of Inertia: The mass moment inertia of the man and the 
weigtus axis- wh 


= tS) ( °- 552 ) + (jn ( zs2 )] =1444 ft: 

The mass moment inertia of the man and the weights about j axis when the 
weights are drawn in to a distance 0.3 ft from - axis 


(A), =(^)(°.5 52 > +2 [ 5 ^(°.3 2 )]= 1.53. slug-ft 2 
Conservation of Angular Momentum : Applying Eq. 19-17, we have 


«t>l =<«i ) 2 
3.444(3) = 1.531(a>.) 2 
(<o z ) 2 = 6.75 rad/s 


A ns 







19-39. A man has a moment of inertia l z about the z 
axis. He is originally at rest and standing on a small plat¬ 
form which can turn freely. If he is handed a wheel when it 
is at rest and he starts it spinning with an angular velocity 
a>, determine his angular velocity if (a) he holds the wheel 
upright as shown, (b) turns the wheel out, 9 = 90°, and 
(c) turns the wheel downward, 9 — 180°. 


(a) 

0 4- lco = Lcom + loo Ans 


(b) 

i = 0 + I(o — I z com +0 (on = Ans 


(c) 

21 

0+ lco = l z co M - Ico = — ft) Ans 

‘ Z 


*19-40. The space satellite has a mass of 125 kg and a 
moment of inertia I z — 0.940 kg • m 2 , excluding the four 
solar panels A, B, C, and D. Each solar panel has a mass 
of 20 kg and can be approximated as a thin plate. If the 
satellite is originally spinning about the z axis at a constant 
rate co- = 0.5 rad/s when 6 = 90°, determine the rate of 
spin if all the panels are raised and reach the upward 
position, 9 = 0°, at the same instant 



co = 0.0906 rad/s Ans 







19-41, The 2-kg rod ACB supports the two 4-kg disks at 
its ends. If both disks are given a clockwise angular 
velocity (<04)1 = = 5 rad/s while the rod is held 

stationary and then released, determine the angular 
velocity of the rod after both disks have stopped spinning 
relative to the rod due to frictional resistance at the pins 
A and B. Motion is in the horizontal plane. Neglect 
friction at pin C. 


-0.75m--I 


<®«>, 0.15 m 


"W/ 

0.15 m 


c+ H x = H 2 


2[-(4)(0.15) 2 ](5) = 2[-(4)(0.15) 2 ] CO + 2[4(0.7Sfi>)(0.75)].+ [—(2)(1.50) 2 ]tO 
CO = 0.0906 rad/s Ans 


19-42. The 5-lb rod AB supports the 3-lb disk at its end. 
If the disk is given an angular velocity <o D = 8 rad/s while 
the rod is held stationary and then released, determine 
the angular velocity of the rod after the disk has stopped 
spinning relative to the rod due to frictional resistance at 
the bearing A. Motion is in the horizontal plane. Neglect 
friction at the fixed bearing B. 



XCJaSr), =Z<»#>2 


[£ ( rh) (O- 3 )*]^) + 0 ” [i ( rh) Of]a>+[Hjh)( OJ ) 2 ] i0+ (fh) ( 3o »>< 3) 


<■>-0.0708 rad/s 













19-43. A thin disk of mass m has an angular velocity to, 
while rotating on a smooth surface. Determine its new 
angular velocity just after the hook at its edge strikes the 
peg P and the disk starts to rotate about P without 
rebounding. 



H, - H t 


<2 mr2 ) <u i = [-mr* + 




= 3 a>, 


and a lO^wS?^ ° f 3 5 ‘ ,b s,ender ^ 
fired into the center of h! hi wei 8 hin g 0.2 lb is 

If the pendulum is initiaUy at^stld the'^ 2 10 °° ft/S ' 
itself into the blnrir ^ - ’ nd P ro J ec trle embeds 

p—^ Zszz ,he • o' - 


v= 1000 ft/s 



•—t ft—«| 


Mass Moment of Inertia : The mass moment inertia of the pendulum and 
the embeded bullet about point A is 


12U2.2,/' 

1 ( 10 


- 

. f JLV (2 + ,2) + J1 ( 2.5 2 ) + ( 2.5 : ) 

: 1.32.2 ' 32.2' ' 32.2 v ’ 


= 2.239 slug fr 


Conservation of Angular Momentum : Since force Fdue to the impact 
is internal to the system consisting of the pendulum and the bullet, it will cancel 
out Thus, angular momentum is conserved about points. Applying 
Eq. 19- 17. we have 

(«a), =(H,), 

)(/•„) = (/ 4 ) 2 Q ); 

(Sl) <100 ° )<2 ' 5) = 2 ' 239a>2 

0 ) 2 = 6.94 rad/s An* 











19- 45. A thin ring having a mass of 15 kg strikes the 

20- mm-high step. Determine the largest angular velocity 
oil the ring can have so that it will not rebound off the 
step at A when it strikes it. 


The weight is non - impulsive. 


15(0), )(0.18)(0. l8-0.02)+[l5(0.18) J ]«a,)» [15(0.18) 2 + 15(0. 18) j ]a* 
a>l = 0.9444a), 

= ">(oc)(.; (15)(9.81)cos 6-N a = 15ojj(0.l8) 

160 

When hoop is about to rebound, N A - 0. Also, cosfl = ——, and so 

1 OU 


a % = 6.9602 rad/s 


6.9602 

= —— = 7.37 rad/s 
0.9444 


Am 






19-46. Determine the height h at which a billiard ball of 
mass m must be struck so that no frictional force develops 
between it and the table at A. Assume that the cue C only 
exerts a horizontal force P on the ball. 



(A) mvj + zjFdi = mv 2 
0 + P(At) = mv 2 
(.+ (»*), +zJm a dt= (ff A ) 2 


at FffcQ 


0 + (P)AHh) = [-m f* + m 

Reqnire v, = co^r 

Solving Eqs.(l)-(3) for A yields 


19-47. The disk has a mass of 15 kg. If it is released from 
rest when 6 — 30°, determine the maximum angle 9 of 
rebound after it collides with the wall. The coefficient of 
restitution between the disk and the wall is e = 0.6. When , 
6 - 0°, the disk hangs such that it just touches the wall. 
Neglect friction at the pin C. t 


Datum at lower position of G. 



f, +M + W 


0 + (l 5)(9.81)(0.15)(l-co.30-) = i[|(15)(0.l5)^ + 0 


<a = 3.418 rad/s 


0- (-0.15af) 

1 3.418(0.151-0 


oi = 2.0508 rad/s 


=r, + i4 


Ijj(i5)<0.15) 2 ](2.0508) 2 + 0 = 0 + 15(9.80(0.15)(l-cos 6) 


W3JHS ' 

/ _\ 

. 7 |. I O.lSm / 


v'-OMoo' 


e= 17.9° 


raRwiiwwifsKM 





wfe'^h 1116 10 ' lb r, blOCk is sliding on the smooth surface 

when t he CO r ner D hlts a stop b]ock 5 Determine the 

Zw y V th£ b ‘ OCk Sh ° Uld have which w «uld 

all° w it to tip over on its side and land in the position 

the 7 /I If 26 ° fS ‘ Hint: Durin S impact consider 
eight of the block to be nonimpulsive. 



Conservation of Energy ; If the block tips over about point ZX it 
must at least achieve the dash position shown. Datum is set at point D . When 

fnan miUal and final P ° Sition ' i[s center of gravity is located 0.5 ft 

? ~™ 71 “ above the datum. Its initial and final potential energy are 10(0.5) 
t * and 10(0.7071) = 7.071 ft lb. The mass moment of inertia of the 

IBSSSSuwi-* . ig) ( *(|L)( /53U5J9’ 

°0.207 0slusft 2 . The initial kinetic energy of the block (af t er the impy t) is 
2 Id ~ J (0 - 207 °) • Applying Eq. 18 - 18, we have 


T 2 + v 2 = T, + v, 

2 ( °2070) cu$+5.00 = 0+7.071 
--- a), =4.472 rad/s 


Conservation °f Angular Momentum : Since the weight of the block an 
the normal reaction N are nonimpulsive forces, the angular momentum is 
conserved about point/). Applying Eq. 19- 17. we have 


Wo), = Wt >) 2 

(mv c )(r’)=/ D <o 2 

[(^-j) v J(°S)= 0.2070(4.472) 
v = 5.96 ft/s 


A ns 





19-49. A 7-g bullet having a velocity of 800 m/s is fired 
into the edge of the 5-kg disk as shown. Determine the 
angular velocity of the disk just after the bullet becomes 
embedded in it. Also, calculate how far 9 the disk will 
swing until it stops. The disk is originally at rest. 




v = 800 m/s 


C+ (H 0 ), + zjModt - (ff 0 ). 


0.007(800) cos30°(0.2) + 0 = -(S.007)(0.2) 2 a> + 5.007(0.2a))(0.2) 


<0 = 3.23 rad/s Ans 


r, + v t = r, + v 2 


c.oeKmu j 5 m * * v 4 


1 ,11 si 4 *) 

-(5.007)[3.23(0.2)] + -f-(5.007)(0.2) 2 ](3.23) 2 + 0=0 + 0.2(1 -cosfl)(5.007)(9.81) 


0 - 32.8° 




19-50. The two disks each weigh 10 lb, If they are 
released from rest when 6 = 30°, determine 9 after they 
collide and rebound from each other. The coefficient of 
restitution is e = 0.75. When 9 = 0°, the disks hang so 
that they just touch one another. 



, 1 10 , io 

^ " 2 322^^ + 312^ “ 0.4S584 slug-ft 2 
T > * Vi « t 2 + 15 

0 + *«tl-cos30°) » i(0.46S84)<8 2 + 0 
<»i - 2.398 rad/s 


CoefBcfcotcrf restitution: 

* . m.-OnXu ~ 

1 - (v 0 ) 4i 


<°i ~ (-<»,) 

2.398 - (-2.398) 


Xlr “ “■* -*• 

Solving Eq.(l); co, = 1.799 rad/s 
*i + H - ? + V 2 

^(0.46S84)( 1.799) 2 + 0 = 0+ 10(1-cos 9) 

9 - 224* Ans 
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*19-51. The 4-lb rod AB is hanging in the vertical 
position. A 2-lb block, sliding on a smooth horizontal 
surface with a velocity of 12 ft/s, strikes the rod at its end 
B. Determine the velocity of the block immediately after 
the collision. The coefficient of restitution between the 
block and the rod at B is e = 0.8. 



Conservation of Angular Momentum : Since force Fdue in the impact 
is internal to the system consisting of the slender rod arid the block, it wdt cancel 
out Thus, angular momentum is conserved about point A. The mass 

moment of inertia of the slender rod about point A is = — (pp; j( - ) 

H—— ( 1.5 2 ) =0.3727 slug ft 2 . Here, o>, = Applying Eq. 19- 17. 

32 j _ 3 _ 

we have 

(H a ) x = ( h a ) , 

[«*(«*),](»•») 

fej (12)(3)=a372 {^r 1 K^2) (u ‘ >3<3) 111 

Coefficient of Restitution : Applying Eq. 19-20, we have 

(t> 8 ) 2 ~(t) t ); 

(t» 4 l,-(Wg), 

(-*) ™= (VB) { 2 lr~ [2! 

Solving Eqs.[l] and [2] yields 



(Ujlj =3.36 ft/s - 
(u s ) 2 = 12.96 ft/s 













*19-52. The pendulum consists of a 10-lb solid ball and 
4-lb rod. If it is released from rest when 0 j = o°, 
determine the angle 6 2 after the ball strikes the wall, 
rebounds, and the pendulum swings up to the point of 
momentary rest. Take e = 0.6. 
j0.3 ft 


4 = + ! ( ^ )<a3)1+ ■ 18,97 slugft2 


lust before impact: 

r, + V, = T 2 + V 2 

0 + 0 = i[t.8197]fl) 2 - 4(1) - 10(2.3) 

to = 5.4475 rad/s 

v, = 2.3(5.4475) = 12.53 ft/s 

Since wan does not move 


0.3ft , Mft" 




: = 0.6 = 


v/ =7.518 ft/s 

= 3.2685 rad/s 
— 2.3- 

n + Vi - 5 +. H 


1( 1.8197)(3.268S) 2 = 4(l)(l-sin0) + lO(2.3)(l-8in0) 


0 = 39.8° 


19-53. The 6-lb slender rod AB is originally at rest, 
suspended in the vertical position. A 1-lb ball is thrown 
at the rod with a velocity v = 50 ft/s and strikes the rod 
at C. Determine the angular velocity of the rod just after 
the impact. Take e = 0.7 and d - 2 ft. 


v = 50 ft/s 



W, “ (»a)i 


( 5 ij)(50)(2 ) = l4<30>< 3 > 2l<D » + il2 (Vji)<2) 


<B, = 7.73 rad/s 
V| t = -19.5 ft/s 



19-54. The disk has a mass m and radius r. If it strikes 
the rough step having a height ^ r as shown, determine the 
largest angular velocity co i the disk can have and not 
rebound off the step when it strikes it. 



W/th = + m(C0,r)(r-h) 


(Huh = -mr 2 (c Bi) + m(tUsr)(r) 


(Ha). = <Ha)2 
£i/nr 2 + 




JoOi = Imr^COi 

■ .- -.- » 








/* ZF. = . Wcos0 - F = m(oj r) . 

f = 


,& - *f 


<8 h- •» 


Set h = -r; also note that for maximum co\ F will approach zero. Thus 
8 




7~ - mr © V * 


_I 


f-K 


^ctC 


co, = t.C 








19-55. The solid ball of mass m is dropped with a velocity 
Vi onto the edge of the rough step. If it rebounds 
horizontally off the step with a velocity v 2 , determine the 
angle 6 at which contact occurs. Assume no slipping when 
the ball strikes the step. The coefficient of restitution is e. 


Conservation of Angular Momentum : Since the weight of the solid ball 
is a nonimpulsive force, then angular momentum is conserved about point A. 

a ^ 

The mass moment of inertia of the solid ball about its mass center is / e = -mr. 
Here, ta 2 = — C - - — ■ Applying Eq. 19- 17, we have 


<«*), =<H*>2 

[m t (t> i),](r') =/ G ru, + [m ( ,(o 1 > ) 2 ](r") 

(2 .Videos 0's 

(mu, )(rsin 6) = I -mr 11—=——J + (mt),)(/cos 0) 

v 2 5 

— = -tan0 
u, 7 






Coefficient of Restitution : Applying Eq. 19-20, we have 
_ 0 -(Ut,); 


-(u 2 sin0) 
-u,cos 0 
ecos 0 


Equating Eqs.[l] and [2] yields 


5 ecos 0 

-tan0 =-— 

7 sin 0 

, 7 

tan ~8 = -e 



lintaf 




*19-56. A solid ball with a mass m is thrown on the 
ground such that at the instant of contact it has an 
angular velocity &>i and velocity components (v G ) r , and 
(Vf;)^ as shown. If the ground is rough so no slipping 
occurs, determine the components of the velocity of its 
mass center just after impact. The coefficient of 
restitution is e. 


Coefficient of Restitution (y direction) : 


. O-(Ug),, 

■ CO(;))] _ 0 


(Vn), 1 =-e(Vr.).. =e(Un) ., t An* 


Conservation of angular momentum about point on the ground : 
( (+) (H a ) ! =(H a ) z 


2 , 2 2 

-mr to, + m(v G ) xt r = -mrcOz + m(v c ) j2 r 


Since no slipping, (v c ) l2 = earthen, 


5^(vc)ii - ^cutrj 



Therefore 


{voU = ^O c ),t - 


pknli 


UMikIiM 










R2-1. At a given instant, the wheel is rotating with the 
angular motions shown. Determine the acceleration of the 
collar at A at this instant. 



3/1 = Sfl + Of A 8 X r.l/fl + x (U>AB X 0 A /b) 
v B = 8(0.150) = 1.20 m/s 
1.20 

Wab = TolooY = 4-1569 rad/s 
V 73 j 

a_A = 1 6(0.150) 4 - (8) 2 (0.150) +a AB (0.500) + (4.1569) - (0.500) 

«i°7 

0= 1.273 - 4.8 - 0.250a.4 S -4.3275 
a A = 1.2 + 4.873 + (0.25073)«/ib - 4.32 
a A B — —40.8 rad/s 2 

a* = -12.5 m/s 2 = 12.5 m/s 2 Ans 

R2-2. The hoisting gear A has an initial angular velocity 
of 60 rad/s and a constant deceleration of 1 rad/s 2 . Deter¬ 
mine the velocity and deceleration of the block which is 
being hoisted by the hub on gear B when t = 3 s. 

{fo A )o = 60 rad/s 

of a — — 1 rad/s 2 

a> A = (a> A ) 0 +a A t 

w A = 60 + {—1)(3) = 57 rad/s 

u .4 = rco A = (1)(57) = 57 ft/s = v B 

= — = 57/2 = 28.5 rad/s 
r 

vw = r c a>c = (0.5)(28.5) = 14.2 ft/s Ans 
of a = 1 

a A , = /(!) = l ft/s 2 
ub — - — 0.5 rad/s 2 

«vv = ra B = (0.5)(0.5) = 0.25 ft/s 2 Ans 


mvjidETsiiiMMiFsiybiirsji 





R2*3. The rod is bent into the shape of a sine curve and I 
is forced to rotate about the y axis by connecting the 
spindle S to a motor. If the rod starts from rest in the 
position shown and a motor drives it for a short time with 
an angular acceleration a = (1.5e') rad/s 2 , where t is in j 
seconds, determine the magnitudes of the angular velocity 
and angular displacement of the rod when t - 3 s. I 
Locate the point on the rod which has the greatest j 
velocity and acceleration, and compute the magnitudes 
of the velocity and acceleration of this point when 
t = 3 s. The curve defining the rod is z = 0.25 sin(wy), 
where the argument for the sine is given in radians when 
y is in meters. 



dto = adt . 

J dto — J 1.5 dt 

o o 

to — 1.5 e'l'o = U(e‘-1) 


d8 = to dt 


f‘d0 = 1.5JV - 1) dt 

0 0 

e = i3t«‘ - = i.5(«' - »- i) 

When I = 3 s, 

to = 1.5(e 3 - 1) = 28.6 rad/s An* 

0 = 1 _5(e 3 - 3 -1) = 24.1 rad An* 

The point having the greatest velocity and acceleration it located furthest ton 
This is aty = 05 m. where 

e = 0.25 sin(«(0.5)) = 005 m 


Hence, 

v, = <»(z) = 28.6(0.25) 

v, = 7.16 m/s An* 

and 

(<*), = cdz) = (l.Se s )(0.25) = 7.53 


(eO, = to\z) = (28.6) l {055) = 204.90 
So that 


Am 


'( 7 J 3 )a + (284.90)* - 205 m/«* 










*R2-4. A cord is wrapped around the inner spool of the 
gear. If it is pulled with a constant velocity v, determine 
the velocity and acceleration of points A and B. The gear 
rolls on the fixed gear rack. 


CO =s 


V 


r 


v B — (or B( i C = — (4r) = 4l» Ans 

r 

Va = Wahc — — ^ (2r) 2 -j- (2 r) 2 ^ = 2\/2t> Ans 
From Example 16*3, Since == 0,a = 0 


r g /o = 2rj r A/c = -2ri 


as=a G +ax r 8/ < ? -or !•*/<; 






(O 



a A =a (; +ax r 4/(; - orx Af0 
= 0 + 0 - (~) 2 (—2ri) 

= Hr;- 

T 


2ir 


a A = - 

r 


Ans 


R2-5. A 7-kg automobile tire is released from rest at A 
on the incline and rolls without slipping to point B, where 
it then travels in free flight. Determine the maximum 
height h the tire attains. The radius of gyration of the 
tire about its mass center is kc = 0.3 m. 

Establish the datum at B. 

Note that v G = 0.4m 8 

0 + 7(9.81)(5) = i[7(0.3) 2 ]a>| + i(7)(0.4m 8 > 2 

(on = 19.81 rad/s 

v G =0.4(19.80 = 7.92 m/s 

Let C be the high point of the tire’s flight. 






AtC. (v c )y =0. Thus, 

(+ f) (V C ) 2 = (V B )l + 2g((S C ), - (5#)v) 

0 = (7.92 sin 30°) 2 + 2(—9.81)(/r - 1) 


Ans 


JMLMm 


rio.net 


h = 1.80 m 



R2-6. The link OA is pinned at O and rotates because 
of the sliding action of rod R along the horizontal groove. 
If R starts from rest, when 6 = 0° and has a constant 
acceleration a R = 60mm/s 2 to the right, determine the 
angular velocity and angular acceleration of OA when 



A 


x <= 400 tan© 

0) 

i = 400 sec 2 0 0 

(2) 

x = 400(2sec 2 © tan 0 0)6 + 400 sec 2 © 0 

= 400 sec 2 0(2tan0(0) 2 + 8) 

(3) 

Since x = 60 mm/s 2 and ic = x — 

0 at J = 

Then in 1 = 2 s, 


v = v„ + %t 


x = 0 + 60(2) = 120 mm/s 


1 2 

j = i 0 + v„r + 


x = 0 + 0 + 30(2) 2 = 120 mm 


From Eqs.(l)-(3). 


-“(S)- 147 * 


120 = 400sec 2 16.7°(0) 


a = 0 = 0.275 rad/s 

Ans 


60 = 400sec 2 16.T12 tanl6.7°(0.275) 2 + ©] 



a - 0 = 0.0922 rad/s 2 Ans 

R2-7. The uniform connecting rod BC has a mass of 3 1 
kg and is pin-connected at its end points. Determine the j 
vertical forces which the pins exert on the ends B and C 
of the rod at the instant (a) 9 = 0°, and (b) 6 = 90°. 

The crank AB is turning with a constant angular velocity 

10 AB ~ 5 rad/s. Rod has curvilinear motion 

«,= «o -(»*>. = (5) z (0.2) = 5 


a) when 9 = 0"; 



b) When 0 = 90° 

+ tZ/J = q, + B r - 3(9.81) = 0 

1 + XM 0 - 0; -q(0.3S) + B y (0.35) - 0 


Ct 


4 , 


8x 


,77 


r 


Solving, 

Cy = 14.7 N 
By = 14.7 N 

www.elsolucionario.net_ 


Ans 


Ans 









*R2*& The tire has a mass of 9 kg and a radius of 
gyration k 0 = 225 mm. If it is released from rest mid 
rolls down the plane without slipping, determine the 
speed of its center O when t - 3 s. 



♦X m(v 0 ) 1 + x\Fdt = m(v c ) 2 

0 + 9(9.81)(sin30°)(3) - j*Fdt - 9(v c ) 2 
0 

t + (So) t + Fta dt * ( Hq } 2 

0 + (/V<iO(0.3) *= [9(0.22S) 2 ]fi> 2 
o 

Since (v c ) 2 = 0.3t» 2 , 

Eliminating j Feb from Eqs. (1) and (2) and solving for (v 6 ) 2 yields, 
0 

(v 9 ) 2 = 9.42 m/s A ns 

Also, 

(+ <«a)i + zf»*A * - («a)a 



fi> - 31.39 rad/s 
v - 0.3(31.39) - 9.42 m/s 


Ana 


. „ ‘ 1,6 doub,e Pendulum consists of two rods. Rod 

B has a constant angular velocity of 3 rad/s, and rod 
has a constant angular velocity of 2 rad/s. Both of 
£ese absolute motions are measured counterclockwise I 

Determine the velocity and acceleration of point Cat the** - 3(8)1 - {2 4 i> in./, 
instant shown. j 

(3) 2 (8)J ■= {72j> in./s 2 



n = 3lc 
a *= 0 




/ 

& 


r c/i = {41} in. —.-. -.- - -. - - 

Note: The x,y axes rotate al 3 rad/s while BC rotates at 2 rad/s 
Relative rotation of BC is therefore 

0 » ac ), w - 2k - 3lt -—ik - 


v cit = x r c „ a -k x 41 m -4j 

«c« = x [(co sc ) x r OJt J = -44 

v c = V* + n x T at + (t c „),„ 

= 241 + (3k X 41) + (—4J) 

= {241 + 8j} jn./g 

»c - 25.3 in./s , 0 „ 63 . 4 . ^ Anj 

an - + a x r c „ + Q x (O x , ol ) + M x Tq , + ^ 

= 72J + 0 + 3k x (3k x 41) + 2(3k) x(-4j) + (-4,) 

= {-161 + ?2j} in./s 2 

.A = 73.8 in./s 2 . - A „ - 






R2-10. The spool and wire wrapped around its core 
have a mass of 20 kg and a centroidal radius of gyration 
k c = 250 mm. If the coefficient of kinetic friction at the 
ground is = 0.1, determine the angular acceleration 
of the spool when the 30-N*m couple moment is 
applied. + 


30^-m< 


aotf.SDM 

] 


+ T ZF, = m(rfc),; Ng - 20(9.81) = 0 Ar<C 

30, ^ t j 

N, = 196.2 N 

0.1 Mb +y- 

F t = 0.1(196.2) = 19.62 N 

(,+XAf ;c = 30-19.62(0.6) = 20(0.2o)(0.2) + [20(0.25) 2 ]a 

or «e 8.89 rad/s 2 A ns 


30(0-M) 


B 

R2-11. If the ball has a weight of 15 lb and is thrown onto 
a rough surface so that its center has a velocity of 6 ft/s ! 
parallel to the surface, determine the amount of backspin, 
to, the ball must be given so that it stops spinning at the ! 
same instant that its forward velocity is zero. It is not 
necessary to know the coefficient of kinetic friction at A for 
the calculation. 


s. + (*„), + z/m a a = (tf„) 2 


5^(6)(0.6) - f |(-^) ( 0.6) s J t8 + 0 = 0 


”<3 - O' 



<0 — 25.0 rad/s A ns 

Also, 

<- <n(v 0 ), + r/ftfr = m(v c ) z 

3l2<«>-j™ = 0 

C + («c)i + TM a <U = (H c )j 

[f ( 3B )(0 -® 2 ]® _ = 0 

HHmitmrm g J Fdt and solving for <o yields 


(o = 25.0 rad/s 


*R2-1Z Blocks A and B weigh 50 and 10 lb, respectively, 
if P = 100 lb, determine the normal force exerted by 
block A on block B. Neglect friction and the weights of 
the pulleys, cord, and bars of the triangular frame. 


System 



+ tS F y 

* m Oy ; 

100- 60 = £L a 

32.2 



a = 21.5 ft/s 2 

Block A 



+ T XF, 

* m dy; 

50 

27-+ If - 50 = —(21.5) 

Blocks 




** « Oy ; 

2J--«-10=»^(21.5) 


Solving Eqs. (1) and (2), 

R « 33.3 lb 



P=»<w<k 








R2-13. Determine the velocity and acceleration of rod R 
for any angle 6 of cam C if the cam rotates with a constant 
angular velocity to. The pin connection at O does not cause 
an interference with the motion of A on C. 



x ■ r+ rcot0 
x « -rsine 6 

v = ~rm sine Ans 

* «= -rsine 9 - rax9(8 ) l 
a * -ra»* cose 


y * , 1 * A If a horizon tal force F = 70 lb is 

suddenly applied to the roller, determine the an I A * theintunt forceF is applied,u»notmslcomponemof acceleration of G 

of the center of the mile, • Ule acceleration is Wfo since the angular velocity UztrostthiinsUnt As a result^ = ( % ),. 

aonlied The^i 7 U the ,nstant the force is 

of mass Of /- e n4i S a ai r 0ni f2 t0flnertiaaboutitscenter ^ 70 =(5&) a c ^ = 56.35^ 

th,X Ndg to the we igh, of ; . . _ __ 

2M A =±(i 4) a ; 0= ( 5 &) (56.35) (|) <2sin60*) -0.414e / 

a= 195.2 ratVs 2 — 

Kinematics: 

-£-1 F = 70 lb “■o + (*a/o), + (»aro). 



[%] = [ 5 6 4 3j]+[l95J2( I) (2sin60»)j+[0] 

M Xbt~r 


(4) q, = 56.35+ 225.4 = 282 ft/s 2 Ans 

7 ctX- 




R2-15. A tape having a thickness s wraps around the wheel 
which is turning at a constant rate to. Assuming the 
unwrapped portion of tape remains horizontal, determine 
the acceleration of point Pon the tape wFeiTthe fadtus is >t 
Hint: Since v p = cor, take the time derivative and note that 
drldt = o)(sI2tt). 



dv do dr 

a ~T - —r + to — 

dt dt dt 

day 

Since- =0, 


dr 


Id one revolution (2/r rad)/- increases by f, so that 


2jt $ 
9 Ar 


Ar« —9 
2 n 


dt 2n 


a * r— Cu 
2n 


ISlHMIlMMiFslIM 






t , cyhnder is initiaU y at rest on a 5-lb 
plate. If a couple moment M = 40 lb • ft is applied to 

the cylinder, determine the angular acceleration of the 

to travel ^"ftand t T T** ** ** ** * ° f the p,ate 
* 3 ft and strike the walI . Assum e the Underdoes 

an< ' neete the mass —*«..**, ,.(*)* 

(+»W 6 «; 40-fl[1.25) = l( i &)(l.2S ) 2 a 


4f=401b-ft 



” *0 + 

(-»)(%),=-% + 1.25a j 3 j 

PMc: Since no slipping occurs at the point of contacuhe plate will 
move with an acceleration ofc= (q,) ( . 

-4XJ5 =m^ : F=(^) ( a Ah (4J 

Solving Eqs.[l] to [4] yields: 

4c - 22.89 ft/s 2 F= 10.67 lb (< 5 ,), . 68.69 ft/s 2 
a “ 73.3rad/s 2 AnJ 

(-»)*.*„+^(+^,2 

3-0+0+2(68.69),*-f= 0.296 s- aS- 





R2-17. The wheel barrow and its contents have a mass of .- . 

40 kg and a mass center at G, excluding the wheel.The wheel 
has a mass of 2 kg and a radius of gyration k Q = 0.120 m. 

If the wheelbarrow is released from rest from the position ^ “5 * «<%),; N A + N, - 44(9.8l)cos20° - o (]) 

shown, determine its speed after it travels 4 m down the v 

incline.The coefficient of kinetic friction between the incline ‘ ° ’ 44 < 9 - 81)sin20 °-°-^ + 4* ( 2 ) 

and A is fi A = 0.3. The wheels roll without slipping at B. = SOU)*; 40(9.81)sin20°(0.4) + 40(9.8i)cos20“(0.3) + 4 ( 9 . 81 )sin 20 »(ai 3 ) 

j. 4/nOn-— ^rvs/r, a\ ir /a it .. _ «. 


+ 4(9.81)cos20°(0.4) - N, (0.4) - 40<fc(0.4) + 4^(0.15) +(4(0.12) 2 ]a 
Kinematics 


/ 0.1 m 20 . 


<fe = (since the cart translates) 

<b “ <% = 0.15or(since the wheels roll without slicing) 


Eqs. (1) =(3) reduce to 


JVa + AT. = 405.61 


147.63 - 0.3 N. = 6.60a 


181.067 - 0.4 N, = 2.548a 
Solving, 


mn)n 


W™.'N6 


** L ».I S+v l 


a “ 19.0 rad/s 2 


tfc = 2.85 m/s 2 
- 74.0 N 
N, = 331.6 N 
v 2 = (v „) 2 + 2 <to(s-i 0 ) 


■ 0 + 2(2.85)(4—0) 






R2-18. The drum of mass m, radius r, and radius of 
gyration k Q rolls along an inclined plane for which the 
coefficient of static friction is fi. If the drum is released 
from rest, determine the maximum angle 6 for the incline 
so that it rolls without slipping. 



0 +N a (<) -mgcos0(i) m 0 N a — mg cos 0 

“fro,-) i +l/'*?-<if=m(v a ,.) 2 
O+mgsin0(t)-fimgcos0O)*=mv o [ 1 ] 

Since do slippingoccurj, v„ - tor. HenceEq.[l] becomes 
mgsm6(t)-/imgcos 0(t) = m<or 
mar 

I -- [21 

m£(sin0-/icosd) 



4 < b , +Z^M A dt-I A a h 
O+mgsio0(r)(t) 


mgr sinO 


(3] 



E quating Eqs.[ 2 ] and [31_ 

_ mtar J ~mk%+mr 1 ~[a) 

mg(sin0-ficos0) mgn in0 



Ans 


wM'JWEMiwwiMYr.iiU 








R2-19, The 20-lb solid ball is cast on the floor such that 
it has a backspin id = 15 rad/s and its center has an 
initial horizontal velocity v G = 20 ft/s. If the coefficient 
of kinetic friction between the floor and the ball is 
Pa - 0.3, determine the distance it travels before it 
stops spinning. 


2014 


20 

3Z2° 
N A - 20 = 0 


2 20 

0-3^ (0.5) = [ 5 ( 555 X 0 .S) 2 ]a 


*-ZF, » nloa),; 0.3//, 
+ t TF y = m(aa) 

C+ZK = leOT, 

Solving, 

N a = 20 lb 
«a » 9.66 ft/s 2 
a - 48.3 rad/s 2 
(l+) = <» 0 + a c t 

0 » 15 - 48.3/ 

/ « 0.311 s 

(-*) x = x 0 + v 0 / + 


i = 0+ 20(0.311) - -(9.66)(0.311) 2 


0.3 N* 



(^7~ 


x - 5.75 ft 


Ann 


*R2-20. Determine the backspin at which should be 
given to the 20-lb ball so that when its center is given an 
initial horizontal velocity v c = 20 ft/s it stops spinning 
and translating at the same instant. The coefficient of 
kinetic friction is p A = 0.3. 

+-ZF, = 0 .3//„ = 

+ = ">(<%),; n a - 20 - 0 

C*ZM a « 4 a; 0:3A^.5)-=[|(^ ) (oi) 2 ]« 


Solving, 



(4+) <»=<% + a e r 

0 « a>, - 48.3/ 

= 48.3/ 

(-*) V = V 0 +a.t 
0=10- 9.66c£- 2 ) 










R2-23. The assembly weighs 10 lb and has a radius of 
gyration & c = 0.6 ft about its center of mass G. The 
kinetic energy of the assembly is 31 ft-lb when it is in the 
position shown. If it is rolling counterclockwise ori the 
surface without slipping, determine its linear momentum 
at this instant. 



l„ = = 0.1U8 slug-ft* 


.1.1°,, 
2 ( 32.2 V ° 


+ ^(0.1118) a) 2 = 31 


( 1 ) 


v a = 1.2 a 
Substitute into Eq. (1), 
a * 10.53 rad/s 
v 0 = 10.53(1.2) = 12.64 ft/s 
, 10 

L - mv o = ^(12.64) = 3.92 slug-ft/s Am 


*R2-24. The pendulum consists of a 30-lb sphere and a 
10-lb slender rod. Compute the reaction at the pin O just 
after the cord AB is cut. 


4 “ f ( 553 )(1) * + ( 5B )(3)I + 5 ( 5B K2)2 “ 917 s,u * rf 



30+10 

- - 2.5 ft 

-»2 F, =» ma,; 

Q, - o 

+ 4-I/J * ma,; 

40 

40-Q, » —a, 
^ 32.2^° 

(. +XM a = 4, or. 

40(2.5) - 9.17a 

Kinematics; 


Og ■* 2.5a 


Solving, 


a ** 10.90 rad/s 2 


% » 27.3 ft/s 2 


H 

o 



a, = 6.14 lb 
Hius; 

F 0 « 6.14 lb 



3.5ff 


>0x 


HOU, 


A ns 


Jucionario.net 









R2-25. The board rests on the surface of two drums. A point on the drum which is in conract with the board has a tangential 

At the instant shown, it has an acceleration of 0.5 m/s 2 to acceleration of 

the right, while at the same instant points on the outer rim 

of each drum have an acceleration with a magnitude of a, = 0.5 m/s 2 

3 m/s 2 . If the board does not slip on the drums, determine 

its speed due to the motion. a 2 = a} + a 2 


a = 0.5 m/s 2 



(3) 2 = (0.5) 2 + a 2 
a„ = 2.96 m/s 2 


a„ — cor. a) = 


= 3.44 rad/s 


v B = cor = 3.44(0.25) = 0.860 m/s 


R2-26. The center of the pulley is being lifted verti¬ 
cally with an acceleration of 4 m/s 2 at the instant it has a 
velocity of 2 m/s. If the cable does not slip on the pulley’s 
surface, determine the accelerations of the cylinder B and 
point C on the pulley. 


" = (Hi = 25 rad/s 


o- =-= 50 rad/s 

0.08 


Ac — a,i + (Ac/a)„ + ( Ac/A)l 
ac = 4j + (25) 2 (0.08)i + 50(0.08)j 


«c cos 9 = 0 + 50 


v A = 2 m/s 
0 ) ^4^0.08 m 
1C 


a. = 4 m/s 2 

a ,Cji * 



a = 50 rad/s* 


(0=25 rad/s 


+1 flr sin 9 = 4 + 0 + 4 
Solving, a c = 50.6 m/s 2 


The block moves up with an acceleration 

(>b = («c)t = 50.6 sin 9.09° = 8.00 m/s 2 f Ans 


9 = 9.09" 


R2-27. At the instant shown, two forces act on the 30-lb 
slender rod which is pinned at O. Determine the magni¬ 
tude of force F and the initial angular acceleration of the 
rod so that the horizontal reaction which the pin exerts on 
the rod is 5 lb directed to the right.xsa 


(a (; ), = 4a 


■£/( = »i(a G ),; 


^ + 52 M o = loor. 


F + 20 —5= ^(4a) 


20(3)+F(6)=i(^ 


y <8> 2 “ 



Solving, 


a — 12.1 rad/s 2 


n-*-5 ib 
\ 301b 3ft 

, •*— 20 lb 
J 3 ft 


F = 30.0 lb 



*R-28. The tub of the mixer has a weight of 70 lb 
and a radius of gyration k G = 1.3 ft about its center of 
gravity. If a constant torque M = 60 lb • ft is applied to 
the dumping wheel, determine the angular velocity of the 
tub when it has rotated 6 = 90°. Originally the tub is at 
rest when 0 = 0°. 


r, +Eu 1 -2 = t 1 

0 + 60@ - 70(0.8) - [(jgj) 0.3,'-] <„)= + i g] <OM> 


oj = 3.89 rad/s Ans 




R2-29. The spool has a weight of 30 lb and a radius of 
gyration ko = 0.65 ft. If a force of 40 lb is applied to the 
cord at A, determine the angular velocity of the spool in 
t = 3 s starting from rest. Neglect the mass of the pulley 
and cord. 


(+ ft mv i + 


Y J Fdt = mt2 


0+ 7(3)-30(3)+40(3) = —t, 0 


Vlifc 7 *' 111 ] 401b 

Njjfc rp\ .VjvtJ 


(^+) (Ho)i + Y, / M 0 dt = (H 0 ) 2 


■7(0.5)3 + 40(1)3= —(0.65) 2 to 


Kinematics, 


7(3) 40(3) 32.2 



l ft 


Vo = 0.5co 


7 = 23.5 lb 


co = 215 rad/s Ans 


V„ = -<D 


v 0 « 108 ft/s 


( i +) (H,c )t + Y j M, c dt = (H,ch 


0 - 30(0.5)0) +40(1.5)0) = I ^Tt0.65) 2 + —< (0.5) 2 U 


co = 215 rad/s 


TwtiliTiTiriWiTai 






R2-30. Solve Prob. R2-29 if a 40-lb block is suspended 
from the cord at A, rather than applying the 40-lb force. 



/ Block: 

(+4) mv, + if Fdt = mv 2 
o + 40(3) - r(3) = ^v 4 ( 1 ) 

Spool: 

(+• t) mvj + zj « mv 2 
o + 7(3) - 30(3) + r(3> = |L Vo 
<(+) (»o)i+ - (S c ) 2 



0 - T(0.5)3 + r(l)3= [‘~^(0.65) 2 ]o) 
Kinematic^ 
v„ * 0.3a) 
v A * 1.3a> 

Solving, 
r - 15.5 lb 
T - 20.6 lb 

0 ) * 395 rad/s Ana 

v« ■ 19.7 ft/s 
»a « 59.2 ft/s 
Also, 

((.+) W/ch +zjM K dtm (H IC ) 2 


0 + 7”(1.5)(3) - 30(0.5)(3) = g(0.65) 2 + ^(O.S)^ 
Since v A = 1.5a>, then with Eq. (1) we get 


C) « 39.5 rad/s 


Ans 







R2-3L The dresser has a weight of 80 lb and is pushed 
along the floor. If the coefficient of static friction at A 
and B is ji s = 0.3 and the coefficient of kinetic friction 
is n k = 0.2, determine the smallest horizontal force P Fot slipping . 
needed to cause motion. If this force is increased slightly, 

determine the acceleration of the dresser. Also, what are = 0 ; -p + o .3 (n a + iv,) » o 
the normal reactions at A and B when it begins to move? 


SOU 



+ T2/J-0; N a +N b -80 = 0 
P - 24 lb Ans 

For tipping * 0, N A = 80 lb 
i. + = 0; />(4) - 80(1.5) = 0 

P = 30 lb < 24 lb 
Therefore dresser slips. 

+ T ZF y <= 0; N a + A/, - 80 = 0 

<— X/j = mo,; 24-0.2//, - 0.2//, 


'■M' 

0.3*. 


r 

H6 


80 

32.2 


;<te 


l +2 Wa - 24(4) + //,(3) - 80(1.5) . JL % (2.5) 


Solving, 
ag *= 3.22 ft/s* 
At, = 14.8 lb 
AT, = 65.3 lb 


A ns 
A ns 
Ana 


Soil, 


- 

t 


\L- 




*R2-32. When the crank on the Chinese windlass is 
turning, the rope on shaft A unwinds while that on shaft B 
winds up. Determine the speed at which the block lowers if 
the crank is turning with an angular velocity at = 4 rad/s. 
What is the angular velocity of the pulley at C? The rope 
segments on each side of the pulley are both parallel and 
vertical, and the rope does not slip on the pulley. 


*> = ur A = 4(75) = 300 mm/s i 
V = <or A = 4(25) = 1 OO mm/s t 
= v, + 

10QJ = -300J + fl>(100)J 
= -300+0(100) 

<0 = 4 rad/s Ads 

»c = V, + V C/ , 

~ v cl — - 300j +4(50)j 
-v c = -300 + 200 





v c = 100 mm/s 4 


A ns 








R2-33. The semicircular disk has a mass of 50 kg and is 
released from rest from the position shown. The 
coefficients of static and kinetic friction between the disk 
and the beam are fx s = 0.5 and fi k = 0.3, respectively. 
Determine the initial reactions at the pin A and roller B, 
used to support the beam. Neglect the mass of the beam 
for the calculation 

Semicircular disk: 



-> = "*(%)* 5 F c = 50 ( 00 ), 

+ = m(a G ) y ; 490.5 - N c = 50(^4 


f + SMo = / G a; 


JV C (0.1698) - F c (0.4) = [-(50)(0.4) 2 - 50(0.1698) 2 ]a 


Assume no slipping at C, 


a c - a o + a c/o 


(Og)J ~ (%) y j = 0.4 orl- a(0.1698)j 


(%), = 0.4a 


4*]0.5H 


s 


-5 0(a 6 \, 


= —p-' ) ) * 


C%)7 = 0.1698a 


Solving, 


a = 6.94 rad/s 


(%), = 2.78 m/s 2 


a P =o. t f<s: 



(%) y = 1.18 m/s 2 


/V c = 431.6 N 
F G — 139 N 


(F c ) max = 0.5(431.6) = 216 N > 139 N 


(O.K!) 


Beam: 


C+ZM a = 0; 431.6(1.25) - B y ( 3) = 0 


H3Uri 


B y = 179.8 N = 180 N 


tUF y =0; ^ + 179.8 - 431.6 = 0 



l-35wj 1.75m 


A y = 252 N 


-aZF x =0; A, - 139 = 0 


4 = 139 N 


liT-nrsvsTsi 








R2-34. The semicircular disk has a mass of 50 kg and is 
released from rest from the position shown. The 
coefficients of static and kinetic friction between the disk 
and the beam are n s = 0.2 and fx k - 0.1, respectively. 
Determine the initial reactions at the pin A and roller B 
used to support the beam. Neglect the mass of the beam 
for the calculation. 



See solution to Prob. R2-33. 

* 

Here F c = 139 N > 0.2(432) = 86.4 N 

Therefore disk will slip. 

Thus, F c m 0.1N C (4) 

a 0 = a 0 + a C!0 

" (%) y J = - a(0.1693)j 



(+*) (%), = <*(0.1698) (5) 


Solving Eqs.(l)-(3) of Prob. R2-33, and Eqs.(4)&(5). 
a - 17.4 rad/s 2 
(°g)x - 0.686 m/s 2 

(%)y = 2.95 m/s 2 —■ ---- 

fl* 


N c = 342.8 N 

. F c « 34. J N- 

(+IM a = 0; 342.8(1.25) - B y ( 3) = 0 


3W-8M 

3H M ( j 


t • ., 

*3 ‘ 


t 




1.25m 


1.75m 


B y = 143 N 

+ T 2^ = 0; 

Ay = 200 N 


Ans 

Ay + 143- 342.8 = 0 
Ans 


2F* 


0; 


A x - 34.3 = 0 


A x = 34.3 N 



Ans 














R2-35. The cylinder having a mass of 5 kg is initially at 
rest when it is placed in contact with the wall B and the 
rotor at A. If the rotor always maintains a constant 
clockwise angular velocity at = 6 rad/s, determine the 
initial angular acceleration of the cylinder. The coefficient 
of kinetic friction at the contacting surfaces B and C is 

y-k = 0 . 2 . 



N a cos45° + 0.2N a sin45° + 0.2 N B - 5(9.81) = 0 
N b + 0.2N a cos 45° - N a sin45° = 6 
0.2^(0.125) -Q.2N b (0.125) = [^(5)(0.125) 2 ]a 


+ t£^ = m(%), ; 
^*IF X = m(4j),; 
(+= Iq a; 


Solving, 

N a = 51.0 N 
N b = 28.9 N 

a as 14.2 rad/s 2 Ans 





*R2-36. The truck carries the 800-lb c rate which has a 
center of gravity at G c . Determine the largest 
acceleration of the truck so that the crate will not slip or 
tip on the truck bed. The coefficient of static friction 
between the crate and the truck is /j. s = 0.6. 


soou. 




=* mo,; 

+ T lF y = 0; 



N c — 800 = 0 


- 0; -N c (x) + F c ( 3) ■■ 
Assume impending slip; F c = 0.6N C 
a - 19.32 ft/s 2 
x ~ 1-8 ft > 1.5 ft crate tips! 

Thus, X = 1.5 ft 
F c = 400 lb 

^ = 16.1 ft/s 2 _Ans_ 












R2-37. The truck has a weight of 8000 lb and center of 
gravity at G,. It carries the 800-lb crate, which has a center 
of gravity at G c . Determine the normal reaction at each 
of its four tires if it accelerates at a = 0.5 ft/s 2 . Also, 
what is the frictional force acting between the crate and 
the truck, and between each of the rear tires and the road? 
Assume that power is delivered only to the rear tires. The 
front tires are free to roll. Neglect the mass of the tires. 
The crate does not slip or tip on the truck. 



r~5 ft—4*-10 ft 










R2-38. Spool B is at rest and spool A is rotating at 6 rad /. 
w en the slack in the cord connecting them is taken up. 

^ h angU ' ai Velodty of 63011 S P°°‘ immediat^ 

after the cord is jerked tight. The spools A and B have 
we'^ts and radutf^ation W A = 30 lb, k A = 0.8 ft and 
b 15 lb, k B - 0.6 ft, respectively. | 

<*+ (H A ), + zJm a <* = (H a ) 2 



[ ^ ( 0 - 8 ) 2 ] ( 6 ) - jrdt( 1 . 2 ) = [^( 0 . 8 ) 2 ]< 

C+ (Hz), +2JA4 dt = (H b ) 2 
0+ jrdt (0.4) = [-^-(0.6) 2 ]to £ 


-4-to 


*4 Atfr 


Kinematics: 


1.2© A = 0.4© b 


(O b = 3(O a 


Thus, 


co A = 1.70 rad/s 


©» = 5.10 rad/s 


R2-39. The two 3-lb rods EF and HI are fixed (welded) Curvilinear translation, 
to the link AC at E. Determine the internal axial force 

E x , shear force E y , and moment M E , which the bar AC , „_ ~ A ft/c 2 

exerts on FE at E if at the instant 6 = 30° link AB has an * e ‘ G ' t - °( 3 ) ~ ^ n 

angular velocity <o — 5 rad/s and an angular acceleration 

a = 8 rad/s 2 as shown. = (5) 2 (3) = 75 ft/s 2 


'!Lt 4 

'lirffT 


Exm _ 1(3) + 2(3) _ ^ ^ 
Em 6 


+ 4Z/J - m(a G ) y ; Ey + fi - _£_(24)cos30° + ^j(75)sin30° 


->LF X - m(%) x ; = 322 ( 75 ) cos30 ° ~ ^^(24)sin30° 


UEM C = 0; 
£* - 9.871b 


M £ -^(1.5) = 0 


1.5ft- m r 


.32.3 


= 4.86 lb 


^(7$) 


.29 





*R2-40. The dragster has a mass of 1500 kg and a center 1 
of mass at G. If the coefficient of kinetic friction between 
the rear wheels and the pavement is fi k = 0.6, determine I 
if it is possible for the driver to lift the front wheels. A, 
off the ground while the rear wheels are slipping. If so, 
what acceleration is necessary to do this? Neglect the 
mass of the wheels and assume that the front wheels are 
free to roll. 


1F X = 


1500% 


0.3 


+1 ZF y - m(%),; . N b - 1500(9.81) - 0 (2) 

(, +1M b = 2iM k ) B ‘, -1500(9.81)(1) = -1500(%)(0.25) 


Solving Eqs.(l)&(2) 


N b = 14715 N 


% = 5.886 m/s 2 


Rom Eq.(3); 

% = 39.24 m/s 2 —> 


!,5oo(W)M 

t 

Na Nn-0 


1,500ft} 

0. 


Acceleration necessary to lift front wheels is 


% = 39.2 m/s 


ft cannot be done since 39.2 m/s > 5.89 m/s 

R2-41. The dragster has a mass of 1500 kg and a center 
of mass at G. If no slipping occurs, determine the friction 
force F b which must be applied to each of the rear wheels 
B in order to develop an acceleration a = 6 m/s . What 
are the normal reactions of each wheel on the ground? 
Neglect the mass of the wheels and assume that the front 
wheels are free to roll. 


+ tJ.F y = m(a G ) y ; N B + N A - 1500(9.81) = 0 v ) 

+IM b = KA4)*; —1500(9.81)(1) + N A (3.5) = -1500(6)(0.25) 


F b u 9.00 kN 


N a = 3.56 kN 


F,. = — = 4.50 kN 
* 2 


1,500$ 81)M 


1,500(4)- 


M 0 ^ ( N» 
2.5^w- 


o.'t S •*»' 


N A ‘ = = 1.78 kN Ans 


N B . = -£ = 5.58 kN Ans 













R2-42. The 1.6-Mg car shown has been “raked by 
increasing the height h = 0.2 m of its center of mass. This 

. was done by raising the springs on the rear axle. If the ft = 

coefficient of kinetic friction between the rear wheels and 2K 

the ground is /t* = 0.3, show that the car can accelerate M 

slightly faster than its counterpart for which h - 0. Neglect 

the mass of the wheels and driver and assume the front -- 

wheels at B are free to roll while the rear wheels slip. 

UlF x ■ m(a G ) x ; 0.3 AT a = 1600^ 

+ T ZF y = mfoo),; * N b + N a - 1600(9.81) = 0 
C+2M a = nM k ) A ; 1600(9.81)(1.6) - N B {2.9) * 1600Oc(ft + 0.4) 


k = 0.2 ra 



Set ft - 0.2 m and solving, 
aa = 1.41 m/s 2 Ans 




N a = 7.50 kN 




1,10004 


N B = 8.19 kN l.t-rv 

Set ft = 0 

=t 1.38 m/s 2 Ans ^ 

N A = 7.34 kN 
N, = 8.36 kN 

R2-43. The handcart has a mass of 200 kg and center of 
mass at G. Determine the normal reactions at each of the 
wheels at A and B if a force P — 50 N is applied to the 
handle. Neglect the mass and rolling resistance of the wheels. 

t-ZF x = 50cos60° = 200a<j (1) 

+ TI F y =ma,\ N a + Ng - 200(9.81) - 50sin60 8 = 0 
l +ZW G = 0; —N A (0.3) + N B (0.2) + 50cos60°(0.3) - 

Solving, 


Oq = 0.125 m/s 2 
N a m 765.2 N 
N B = 1240 N 
At each wheel 






Ms..Ns 


= 383 N 


Ans 


= 620 N 
















*R2-44* If bar AB has an angular velocity <a AB = 6 rad/s, 
determine the velocity of the slider block C at the instant 
shown. 


y B ~ 03 AB X r B!A 


m A8 = 6 rad/sj 


200 ran ^%&^500 mm 


A 9 = 45° 


V c = + 6) x r aB 

v c i = (6k) x (0.2cos45°i + 0.2sin45°j) + (<ak) x (0.5cos30°i - 0.5sin30°j) 


v c = -0.8485 + CK 0.25) 


0 = 0.8485 + 0.433 CO 


v'a- 1.2 


Solving 


co = 1.96 rad/s J Ans 



v c = 1.34 m/s 


R2-45. The disk is rotating at a constant rate at = 4 rad/s, 
and as it falls freely, its center has an acceleration of 
32.2 ft/s 2 . Determine the acceleration of points A and B on 
the rim of the disk at the instant shown. 

-a* = + C3 a /g1b- 


[ ( ^A),] + [ ( «A) y ]=[ 3 p] +0 + [ (4)2 i L5) ] 

( —0 («A )* = 0 

(+ T) (a A ) y = -32.2- (4) 2 (1.5) = -56.2 ft/s 2 = 56.2 ft/s 2 i 
« A =(«A=56.2ft/sU Ans 


4 "CA • 


a B = »G + v%/G// + v a B/G/ n 



(<% ),]+[(%) y * [ 3 ^] +0+ [ (4)2 i. 1 * 5) ] 

(4) (a B ') x =-(4) 2 (1.5) = -24ft/s 2 = 24 ft/s 2 <- 
(+ T) (<% ) = -32.2 ft/s 2 = 32.2 ft/s 2 i- 


= V( 0 b )* + «% = -Z 242 + 32.22 = 40.2 ft/s 2 


<qg)v 
n (<%), 


















R2-46. Hie 80-lb cylinder is attached to the 10-lb slender 
rod which is pinned from point A. At the instant 9 = 30° it 
has an angular velocity oj, = 1 rad/s as shown. Determine 
the largest angle 9 to which the rod swings before it 
momentarily stops. 




Ia = 12 ( 3l2 )[3(a5) + (2)2] + + 3 ( 322 )(5)2 = 93 ‘ 01 slug-ft 2 


T t + K - t 2 + v 2 


-(93.01)(1) 2 - 10(2.5 cos30°) - 80(6cos30°) = [0] - 1O(2.5cos0) - 8O(6cos0) 


6 - 39.3° 


DM w-vw 


, 4toS9 


R2-47. The bicycle and rider have a mass of 80 kg with 
center of mass located at G. If the coefficient of kinetic 
friction at the rear tire is mb = °- 8 > determine the normal 
reactions at the tires A and B, and the deceleration of the 
rider, when the rear wheel locks for braking, What is the 
normal reaction at the rear wheel when the bicycle is 

traveling’ at - constant- velocity and the brakes- are- not- 

applied? Neglect the mass of the wheels. 


-» 1LF X = m(%) x ; 0.8 N B - 80 Og 

+ tlF y =m(a G ) y -, N a + N b - 80(9.81) = 0 
C+IM a = Z(M t ) A ; -N B ( 0.95) + 80(9.81)(0.55) = 80% (1.2) 



Solving, 


% == 2.26 m/s 2 


N b = 226 N 


N a = 559 N 





tit 

Mr I tie 

h fa %1 

r ", 

055m 


For equilibrium 

+ t£F y = 0;_ N A +N„- 80(9.81) = 0 _ 

f+Zfl/ A = 0; -AT a (0.95) + 80(9.81)(0.55) - 0 


?V A * 330 N 


AT. = 454 N 
























R2-49. The spool has a mass of 60 kg and a radius of 1 
gyration k G = 0.3 m. If it is released from rest, determine 
how far it descends down the smooth plane before it attains 
an angular velocity « = 6 rad/s. Neglect friction and the 
mass of the cord which is wound around the central core. 



v n = 0.3® 


71 + 2 = 2 ^ 


s?UiJ 


.8.3<tW 


0 + 588.6sin30°(*) = ^[60(0.3) 2 ](6) 2 + ^(60)[0.3(6)] 2 


s = 0.661 m 




MM 


ts rough, such that 


the coefficient of kinetic friction at A is n A - 0.2. 


0.3 (0.5-0.3) 

s A - 0.6667 s G 




o. 




\ +z 3 * 0; N a - 588.6cos30° - 0 
#a - 509.7 N 


0 , V . M 
_fort* 


(o.V- f> 


V G * 0J® 


7J + XI/j_2 • ^ 


0 ♦ S88.6sin 30°(j o ) - 0.2(5W.7)(0 .iM7^.it60tf^K^^a>H(to)(6)t i -- 


■to = 0.859 m 












R2-5L The gear rack has a mass of 6 kg, and the 
gears each have a mass of 4 kg and a radius of gyration 
k * 36 mm at their centers. If the rack is originally moving 
downward at 2 m/s, when s = 0, determine the speed of 
the rack when s = 600 mm. The gears are free to turn about 
their centers, A and B. 



Conservation of energy : Originally, both gears are rotating with an angular velocity of 
fi>! = = 40 rad/s. After the rack has traveled s = 600 ram, both gears rotate 

with an angular velocity ofOj = 5 ^ 5 -, where t> ? is the speed of the rack at that 
moment 

___ 

f<6)(2) 2 + 2{i[4(0.03) 2 ](40) 2 } + 0 = f(6)v 2 + 2 ji[4(0.03) 2 ]( ^§j) 2 j - 6(9.81)(0.6) 


v 2 = 3.46 m/s 


Ans 














♦R2-52. The car has a mass of 1.50 Mg and a mass centei 
at G. Determine the maximum acceleration it can have 
if (a) power is supplied only to the rear wheels, (b) power 
is supplied only to the front wheels. Neglect the mass of 
the wheels in the calculation, and assume that the wheels . 
that do not receive power are free to roll. Also, assume 
that slipping of the powered wheels occurs, where the ; 
coefficient of kinetic friction is Hk = 0.3. 




r : —‘-^ 

--1.6m—4-1.3 m- 


(a) Rear wheel drive 

Equations of motion: 

=m(0c), ; 0.3 N b = 1-5(10) Oc- 

<- + £M A =*(«.>,; 1.5(10) ] (9.81)< 1 .3)-N,<2.0) 

Solving Eqs.[l] and 12] yields : 

N n = 6881 N = 6.88 kN 


= -1.5(10) 3 Og(0.4) [2] 


Oc = 1-38 m/s 

(b) Front wheel drive_ 

Equations of motion: 


UlF x = wiCdo), ; °- 3 ^A - 1-5(10) % 

ZM, -«*),; -i.5(10) , (9*>H1« + ^< 2 - 9 >'- 1 - 5(10), “° (0 - 4) 

Solving Eqs.[l] and [2] yields: 

N A = 7796 N = 7.80 kN 


Op = 1.56 m/s 


i-sao^mo^ 



,. 5 i(oWt>Q 1 

















20-L The ladder of the fire truck rotates around the z 
axis with an angular velocity = 0.15 rad/s, which is 
increasing at 0.8 rad/s 2 . At the same instant it is rotating 
upward at a constant rate ^ = 0.6 rad/s. Determine the 
velocity and acceleration of point A located at the top of 
the ladder at this instant. 



*20-2. The ladder of the fire truck rotates around the z 
axis with an angular velocity of <o t = 0.15 rad/s, which is 
increasing at 0.2 rad/s 2 . At the same instant it is rotating 
upwards at — 0.6 rad/s while increasing at 0.4 rad/s 2 . 
Determine the velocity and acceleration of point A 
located at the top of the ladder at this instant. 



to rn to t + iOj = 0.15k+0.6i = {0.61+0.15k} rad/s 
Angular acceleration :For to 1 , <o - = {0.15k} rad/s. 

Wxrz 3 Wx,r + ® x<a 2 

= 0+(0.15k) x (0.6t) = {0.09J} rad/s 2 
For A),, Q = 0. 

(<j> 1 )jrrz“< < »i).rr + a, * a, i “ (0.8k)+0 = {0.8k} rad/s 2 
a= 0J=(cbi) xrz +(ti>2) xrz 
a = 0.8k + 0.09j = {0.093+0.8k} rad/s 2 
r A = 40cos30°3+40sin30°k = {34.64lj+20k} ft 
* A = <oxr A 

= (0.61 + 0.15k) X (34.641J+20k) 

= {-5.20f- 12j+20.8k} ft/s A ns 

* A =ox t+o>xv a 

- (0.093+0.8k) x (34.6413+ 20k ) + (0.61 + 0.15k) x (-5.201 -121+20.8k) 

- {—24.11—13 3J- 7.20k} ft/s 2 A ns 


t A , 0 = 40 COS 30°j + 40sin30°k 
r A ,0 = {34.64lj + 20k} ft 
O = <u,k + ajji = {0.6i + 0.15k} rad/s 
6 = <b,k + o>jl + a),k x tjji 

a = 0.2k + 0.41 + 0.15k x0.6i = {0.41 + 0.09J + 0.2k} rad/s 
= O X t a , 0 = (0.61 + 0.15k) X (34.641} + 20k) 
v A = {-5.201 - 12J + 20.8k} ft/s Am 

a* = Qx(Qxr AI0 ) + Qx r A/0 


m A = (0.61 + 0.15k) x[(0.6i + 0.15k) x(34.641j + 20k)] 
+ (0.41 + 0.09j + 0.2k) X (34.6413 + 20k) 








20-3. The motion of the top is such that at the instant 
shown it is rotating about the z axis at u>\ — 0.6 rad/s, 
while it is spinning at an = 8 rad/s. Determine the angular 
velocity and angular acceleration of the top at this instant. 
Express the result as a Cartesian vector. 



(l) = (O i 4 CO 2 

to = 0.6k + 8cos45°j + 8sin45°k 
to — {5.66j 4- 6.26k) rad/s Ans 

to — tO\ + toi 

Let x, y, z axes have angular velocity of $2 = w\. thus 

<ui = 0 

to 2 = 4- (<t>i x a> 2 ) = 0 4 (0.6k) x (8cos45 c j 4 8sin45°k) = 

cr = tu = {—3.39i) rad/s 2 


3.394i 

Ans 


www.elsolucionario.net 




*20-4. At a given instant, the satellite dish has an 
angular motion w x = 6 rad/s and a>, = 3 rad/s 2 about 
the z axis. At this same insant 9 = 25°, the angular motion 
about the x axis is ®2 = 2 rad/s, and &>2 = 1.5 rad/s 2 . 
Determine the velocity and acceleration of the signal 
horn A at this instant. 





Angular Velocity : The coordinate axes for the fixed frame (X , Y, Z) and 
rotating frame ( x , y, z) at the instant shown are set to be coincident Thus, the 
angular velocity of the satellite at this instantf with reference to X, Y, Z) 
can be expressed in terms of i, j, k components. 

.or-ffij ^ = + 6k} rad'/s ". 

Angular Acceleration : The angular acceleration a will be determined by 
investigating separately the time rate of change of each cngular velocity 

COrTlDOTi eilt Wi th rP.Qnfyt If! Ih p f lYPrl If 7 f nrria rA . in ~ t --- 

name, u/j is UUSCTVCU to nave 3 

constant direction from the rotating xyz frame if this frame is rotating at H 
•{6kf rad/sr ApplytngBq;-20~-frwith-(tb 2 } rad/S~r we 

have 

“2 =(< 02 xco 2 = 1.5i + 6kx2i = {1.5i + 12j) rad/s 2 
Since a>, is always directed along theZ axis (fi = 0), then 

“i =(<<> 1 ),,.+0XO), = {3k} rad/s 2 
Thus, the angular acceleration of the satellite is 

_“ = “t +o> 2 =<1.5i + 12j + 3k} rad/s 2 _ 


Velocity and Acceleration : Applying Eqs. 20-3 and 20-4 with theta 
and a obtained above and r, = {1.4cos 25°j+ 1.4sin 25°k> m 
= {1.2688j+0.5917k} m, we have 


= {-7.611- 1.18j + 2.54k} m/s 

a* =axr A +tox(toxr / ,) 

= (1.51 + 12j + 3k) x(1.2688j + 0 . 5917 k) 

+ (2i + 6k) x [(2i + 6k) x(1.2688j + 0 . 5917 k)] 
» = {10.4i-51.6j-0.463k} m/s 2 







20-5. Gear A is fixed while gear B is free to rotate oh 
the shaft S. If the shaft is turning about the z axis at 
= 5 rad/s, while increasing at 2 rad/s 2 , determine the 
velocity and acceleration of point C at the instant shown. 
The face of gear B lies in a vertical plane. 


From Prob. 20-4. 


a - {5k - ICS) rad/s 
a - {50i - 4j + 2k} rad/s 2 



*c = a x r c 

v c (5k - lOj) x(80i + 160j) 

*c » {—800t + 40QJ + 800k} ram/i 
- {-0.800! + 0.400} + 0.800k} m/s 


« 8x» c +Qx r c 


•c - {50! - 4} + 2k}x(80i + 160j) + (-1Q| + 5k)x(-8O0! + 400J + 800k) 


«c - {-10 3201 - 3840} + 320k} mm/s 2 
•c - {—1031 - 3.84} + 0.320k} m/« 2 


20-6. Gear B is connected to the rotating shaft, while 
the plate gear A is fixed. If the shaft is turning at a 
constant rate of = 10 rad/s about the z axis, determine 
the magnitudes of the angular velocity and the angular 
acceleration of gear B. Also, determine the magnitudes 
of the velocity and acceleration of point P. 


ft>. = 10 rad/s ; 


OH = 10 rad/s 






ft), = -10tan75.96° = -40 rad/s 




0 )= {-40} + 10k} rad/s 


ft>= v (-40) 2 + (10) 2 =41.2 rad/s 


Tsj ;—* M 




T P = {0.2} + 0.05k} m 


= 0+(10k)x(-40j+10k) = {400i} rad/s 2 


Yp = cox Tp = (-40} + 10k) X (0. 2 } + 0.05k) 
Yp = {— 41 } m/s —~ ~ 


v P = 4.00 m/s Ans 


Let Cl = ftjfc, 


a= a)= 400 rad/s 2 Ans 


a " = <*xr P + tax v, = (400!) x (0.2} + 0.05k) + (-40} + 10k)x(-4l) 
= {-60}-80k} ra/s 2 


a, = /(-60) 2 + f—SO) 2 = 100 m/s 2 A ns 






20-7. At a given instant, the antenna has an angular ! 
motion = 3 rad/s and wj = 2 rad/s 2 about the z axis. 
At this same instant 9 = 30°, the angular motion about 
the x axis is «2 = 1.5 rad/s, and w 2 = 4 rad/s 2 . Determine 
the velocity and acceleration of the signal horn A at this 
instant. The distance from O to A is d = 3 ft. 



„ 3cos 30“J + 3aln30°k = {2.598J + 1-3*1 ® 
Q <b, + fflj = 3k + 1-51 
r A = ft x t A 

= (3k + 1.51) x (2.598} + 13*) 

= -7.7941 + 3.897k - 2.25) 

= {-7.791 - 2.2SJ + 3.90k} ft/s Ana 

Q SS fl)j + 

= (2k + 0) + (41 + 3k xl.51) 

- 41 + 4 .5} + 2k 



(1 x r, + a x f, 


= (4* 


+ 4.5} + 2k) x (2.598J + lJk) + (3k + 1-51) x(-7.7941 


- 2.25J + 3.879k) 


(8.301 - 35.2} + 7.02k} ft/s 


*20-8. The cone rolls without slipping such that at the 
instant shown - Arad/s anda> z “ 3-rad/s 2 . Determine 
the velocity and acceleration of point A at this instant. 


Angular velocity : The resultant angular velocity <a * oo l + <Uj is always directed 
along the instantaneous axis of zero vdodty( y axis). 




a» z = 4 rad/s 
at, = 3 rad/s 2 



&)=<»! +0)2 

<B j - 4k+(<Uj co»20 < ’j + W, sin20°k) 
0 )J - ox l coi20 , ^+(4+fl> 2 sin 20°) k 

Equating j mdk components 


4 + 0 ), ain20°-0 at, --11.70 rad/s 
0)= -11.70cos20“ = -10.99 rad/s 




<0 = {-10.99J} rad/s 

0 )j - -11.70cos20°j+(-11.70sta20°)k « {-10.99J+4k} rad/s 


Angular acceleration: 


«*>,)„,-<3k}rad/s^ 

1 W„« = (- = ^)cos20«J-3k = {-8J2424j-3k} rad/* 2 


(b^COi+Q)2 

ft » a, = {4k} rad/s then 

(b « [3k+0} + [(-8.2424J - 3k) + 4k x (-10.99)+4k)) 
= {43.95961 -8.2424J} rad/s 

r„ -2cos40*j+2sln40*k-{1.5321j+lJ856k} ft 


=(-10.99)) X (1.5321J+1-2856k) 
= {-14.11} ft/s 


*a = ax r A + o x v 4 

= (43.95961 - 8.2424J) X(1-S321J+ 1.2856k)+ (-10.99}) X(-14.1I) 
= {-10.61- 56.5J - 87.9k} ft/s 2 Ana 










20-9. The cone rolls without slipping such that at the 
instant shown io z = 4 rad/s and d) z = 3 rad/s 2 . Determine 
the velocity and acceleration of point B at this instant 



Angular velocity : The resultant angular velocity n)«=<a 1 + a>2 is always directed 
along the instantaneous axis of zero velocity y axis) 


0>«0J, +0)2 

»J « 4fc+(a), cos20°j + (Bj single) 
a> j » a), cos20°J + (4+ sm20°) k 

Equatingj and k components 

4+Oj sin20“ = 0 a)j =-11.70 rad/a 
O) = -11.70cos20° = -10,99 rad/s 




oJf-1 r>4k 

to” 10 


Hetnce a) = {-10.99j} rad/a 

a), »-11.70cos20»j+(-11.70sin20o)k»{-ia9S3+4k} rad/s 

Angular acceleration: 


= {3k> rad/s 2 

cos20°j-3k - {-g.2424j-3k> tad/s 2 

<!>*■ d>2 +0i>2 

”[( )«,r + ° x “l ]■*•[( ),„+n X 0)2] 

O - < 0 , m {4k> rad/s then 


[3k+0] + [(-8.2424j-3k)+4kx(-10.99j+4k)] 

- {43.95961-8.24241} rad/s 

— — r^-= 2sjn20°i + 2co»20°j + 2sin20 Q cos20' l k --- 

--0.684041 + 1.8794j + 0.64279k 
y t - «xr, 

» (-10.99J) X (-0.684041 + 1.8794J + 0.64279k) 

= -7.06421 -7.5!76k 

- (-7 061 - 7.52k} ft/s Ans 

•a = axr, + <bxv 4 

* (43.95961 -8.2424J)x(-0.684041 + 1.8794) + 0.64279k) 
+ (-I0.9S(|) x (-7.06421 - 7.5176k) 

« {77.31-28.3j-0.657k} ft/s 2 


Ans 







20-10. If the top gear B is rotating at a constant rate 
of », determine the angular velocity of gear A, which is 
free to turn about the shaft and rolls on the bottom fixed 
gear C. 


vp * fflk x (~r B j) = torgi 
Also, 


i j W 


v p = co A x(-r B i+h 2 k) = 


S°Ax 

i 0 


o> Ay a> At 

-r B h 2 


= (a>A,hi +o) Al r B )i-(oiA,hi)i-a>AxrB^ 


Thus, 

ar B = co Ay hi +co Az r B (1) 


0 = (Daj. hi 


0 = O)A X r g 


o>a, =0 


v* 



j 

0>Ay 

~'C 


k 

o>az 

-hi 


= (-0)Ayhl +0)A Z r c )i 



FromEq. (1) .. 


o>r B = <0A,[T^ i l + '-|il 










20-11. Gear A is fixed to the crankshaft S, while gear C 
is fixed and B are free to rotate. The crankshaft is turning 
at 80 rad/s about its axis. Determine the magnitudes of 
the angular velocity of the propeller and the angular 
acceleration of gear B. 



80rad/s 

SUlJ 


Point P on gear B has a speed of 
v, = 80(0.4) = 32 ft/s 

The M is located along the points of contant of B and C 

0.1 0.4 

<0, «■ 4®, 

« = -®,j + ®,k 

= - ®,j + 4®,lt 

r„ 0 *= O.lj + 0.4k 

v, = -321 

v, - ® x r wo 

|i j k 
-321 = 0 -<o f 4®, 

10 0.1 0.4 

— 321 «= — 0.8® f i 

m r = 40 rad/s 

®, = {—40j} rad/s Ana 

a, m 4(40)k = {160k} rad/s 


® = ®j. + ®, 

Let thex.y.z axes have an angular velocity of (2 x co F , then 
a = <b = + ® t = 0 + ®, x (®, + ®,) 

a = (-40J) x (160k - 40j) 
a = {-6400i} rad/s 2 Ann 





*20-12. The disk B is free to rotate on the shaft S. If the 
shaft is turning about the z axis at to z = 2 rad/s, white 
increasing at 8 rad/s 2 , determine the veloicty and 
acceleration of point A at the instant shown. 


I 

' ~ v 8 rad/s 2 
. . 2 rad/s 


X s-\ 

400 mm J 


Angular Velocity : The coordinate axes forthe fixed frame (X, T, Z) and 
routing frame (x, y,z) at the instant shown are set to be coincident. Thus, the 
angular velocity of the disk at this inrtant( with reference to X, Y, Z) can be 
expressed in terms of J, j, k components. The velocity of the center of fee disk 
is t> = to, (0.8) = 2(0.8) = 1.60 m/s. Since the disk rolls without sloping, its 

v 1.60 

spinning angular velocity is given by to. = - =-= 4 rad/s and is denoted 

r 0.4 

towards -J. Thus, <n, = {-4}} rad/s. 

to = to,+a>, = {—4J+2k} rad/s 

Angular Acceleration : The angular acceleration a will be determined by 
investigating separately the time rate of change of each anguler velocity 
component with respect to the fixed XYZ frame, to, is observed to have a 
constau direction from the rotating xyz frame if this frame is rotating at IT 
-to, = {2k} rad/s. The tangential acceleration of the center of the disk is 
o— tb,(0.8) = 8(0.8) = 6.40 m/s 2 . Since the disk rolls without shppmg, its 

spinning anngular acceleration is given by tb, = - = —— = 16 rad/s 2 and 

r 0.4 

directed towards -}. Thus, ((&,)_ = {-16}} rad/s?. Applying Bq. 20-6, 
we have 


= («,),„ + 0 >,x(tt, = -16}+2kx(-4}) = {81 -16}} rad/« 2 
Since to, is always directed along Z axis (Q = 0), then 


800 mm 


\ y 

400 mm 


+»x«>, = {8k} rad/s 2 


Thus, the angular acceleration of the disk is 


a = m,+<6, = {81-16}+8k> rad/s 2 


Velocity and Acceleration : Applying Bps. 20- 3 and 20-4 with (he to 
and o obtained above and r A m {-0.4i + 0.8}} m, we have 

v x =fflxr ( = (-4} + 2k) X(-0.41 + 0.8}) 

= {-1.601 - 0.800}- 1.60k} m/s A 

»a = axr A +tBX(toxr x ) 

= (81 -16} + 8k) X (-0.41 + 0.8}) 

+ (-4}+2k) x[(-4}+2k) x(-0.41+0.8})J 
= {1.61 — 6.40}—6.40k} m/s 2 A 


iMw.elsolucionario.net 









20-13. Shaft BD is connected to a ball-and-socket joint 
at B, and a beveled gear A is attached to its other end. 
The gear is in mesh with a fixed gear C. If the shaft 
and gear A are spinning with a constant angular velocity 
a)\ = 8 rad/s, determine the angular velocity and angular 
acceleration of gear A. 


y = tan 1 = 14.04° - 

300 




The resultant angular velocity cu = cu\ + coi is always directed along 
the instantaneous axis of zero velocity 1A. 


co 

sin 147.09° 


8 

sin 18.87° 


co = 13.44 rad/s 


v 



a>= 13.44 sin 18.87°i + 13.44cos 18.87°j 
= {4.35i-f-12.7j} rad/s 


(02 

sin 14.04° 


: ■ (02 = 6.00 rad/s 

sin 18.87° 


(Oi = {6j} rad/s 


Ans 


a>i = 8 sin32.91°i 4- 8 cos 32.91°j = {4.3466i + 6.7162j) rad/s 
For aji,S2 = (O 2 = {6j( rad/s. 

(iO\)xyz = (“1 hyz + Clx,co [ 

= 0 + (6j) x (4.3466i + 6.7162j) 

= {—26.08kl rad/s 2 


For ( 02 , £2 = 0. 



100 mm 



a = to - (6 >i)xy7. + (io2)xyz 


(d>l)xYZ — (ci>2 ) A-.v; + £2xct>2=0 + 0= 0 


a =0 + (-26.08k) = {—26.1k} rad/s 2 Ans 


20-14. The truncated cone rotates about the z. axis at a 
constant rate co z = 0.4 rad/s without slipping on the hori¬ 
zontal plane. Determine the velocity and acceleration of 
point A on the cone. 

0.4 

a), =-- =0.8 rad/s 

sin 30° 

&> = 0.8 cos 30° = 0.6928 rad/s 
co — {—0.6928J 1 rad/s 
n = 0.4k 

co = ( <b) xyz + Qx(t) (1) 

= 0 + (0.4k) x (—0.6928j) 
co = {0.277li) rad/s 2 
r ; i = (3 - 3 sin 30° )j + 3cos30°k 
= (1.5j +2.598k) ft 
x A =cox r,i 




v.r = (— 1.80i) ft/s Ans 

a A = cr x r A + to x v A 

= (0.277li) x (1.5j + 2.598k) + (-0.6928j) x (—l.SOi) 

Ans 


a. 4 = (—0.720j - 0.831k) ft/s 2 

www.elsolucionario.nel 


= (-0.6928j) x (1.5j + 2.598k) 







2 ( 1 - 15 . At the instant shown, the tower crane is rotating 
about the z axis with an angular velocity <oj = 0.25 rad/s 
which is increasing at 0.6 rad/s 2 .The boom CM is rotating 
downward with an angular velocity (o, = 0.4 rad/s, which 
is increasing at 0.8 rad/s 2 . Determine the velocity and 
acceleration of point A located at the top of the boom at 
this instant. 

co=a>\ + 0 h = {-0.4i + 0.25k} rad/s 

Q - {0.25k} rad/s 


o >=! m v + a * <» = t-0. 8i + °. 6k) + (°. 25k) x (-0.4i + 0.25k) 



x ai 2 = 0.4 rad/s 


= {-0.8i - 0.1 j + 0.6k } rad/s 2 
r A = 40cos30°j + 40sin30°k = {34.64j + 20k} ft 
v* = tux r A = (-0.4i + 0.25k) x (34.64j + 20k) 
v x = {-8.661 + 8.OOj-13.9k} ft/s Ans 

At = ax r, -mix v„ = (-O.gi-0, lj + 0.6k) x (34,64j + 20k) + (-0.41 + 0.25k) x (-8.661 + 8. OOj - 13.9k) 
»a = {-24.8i + 8.29j-30.9k} ft/s 2 Ans 


* 20 - 16 . The construction boom OA is rotating about the 
z axisT*rWrabonsaht angular veToSi^f i^TTl'Srad/s, 
while it is rotating downward with a constant angular 
velocity of <w 2 = 0.2 rad/s. Determine the velocity and 
acceleration of point A located at the tip of the boom at 
the instant shown. 


01 = 0 * + < 2 ) 2 ..= {0.2J + 0.15kl rad/s 


(Q— CO] + Cl>i 


Lei the x, y, ? 


& = o = f Q) 


axes rotate at Q = a), , then 


■ + 6 )j X CJj 



0.03i) rad/s 2 


° = [' / ( | I°) 2 + 50k = {97.98i + 50b} ft 

* j k 

v. ( =<uxr x = 0 0.2 0.15 

97.98 0 50 

={ 101+ 14.7J- 19.6k}.ft/s Am 

~ ctxv A + caxy a. — —0. 03 0 0 + 0 0.2 owl 

_ .. VM .0.50_IQ. 14.7 -t9,6i 

= (-6.121+ 3j-2k} ft/s 2 An - 










20-T7. The differential of an automobile allows the two 
rear wheels to rotate at different speeds when the 
automobile travels along a curve. For operation, the rear 
axles are attached to the wheels at one end and have 
beveled gears A and B on their other ends. The 
differential case D is placed over the left axle but can 
rotate about C independent of the axle.The case supports 
a pinion gear £ on a shaft, which meshes with gears A 
and B. Finally, a ring gear G is fixed to the 'differential 
case so that the case rotates with the ring gear when the 
latter is driven by the drive pinion H. This gear, like the 
differential case, is free to rotate about the left wheel axle. 
If the drive pinion is turning at % = 100 rad/s and the 
pinion gear E is spinning about its shaft at o> E = 30 rad/s, 
determine the angular velocity, io A and of each axle. 

vp = cohth = 100(50) = 5000-mm/s 


180 mm 


To left 
wheel 




50mm~< 


From motor 


; fP 

■ ■ 


mp- 

V_To right 
wheel 


5000 ,, 

Qlc = —— = 27.78 rad/s 
1 SO 


Point O is a fixed point of rotation for gears A, E, and B 
fi = <ut + m E = {27.78j + 30k} rad/s 

v r =Qxr, = (27.78j + 30k)x(-40j + 60k) = {2866.7i} mm/s 


2866.7 

0) A = —— = 47.8 rad/s Ans 

60 


Vp- = £2xrp = (27.78j + 30k)x (40j + 60k) = {466.7i} ram/s 


466.2 

a* =-— = 7.78 rad/s Ans 

.Ovr-- 


Cp edit = 100 r>ll /s 


toe yy j 


i—j'y ,. 







0|\ 


20-18 Rod AB is attached to the rotating arm using 
ball-and-socket joints. If AC is rotating with a constant 
angular velocity of 8 rad/s about the pm at C, determine 
the angular velocity of link BD at the instant shown. 


oj ac = 8 rad/s 



V A m 8(I.5)j = {I2j} It/s 

v f *= -V,k 

V* - v„ + <0 X r, /A 

~ Vf * ■= m + (a>,i + a>,j + < p,k) x (3i ± 21 _ art _ 

0 « -6a>y - 2(0, 

0 = 12 + 6eo, + 3(Bj 

-v, « 2a>, - 3<o, 

Thus, 




v, m 4 fU S 


m, D m _(_)i 


“an ■ {-2.001} rad/s Ans 








20-19. Rod AB is attached to the rotating arm using 

ball-and-socket joints. If AC is rotating about point C with 

an angular velocity of 8 rad/s and has an angular 

acceleration of 6 rad/s 2 at the instant shown, determine 20 _ lg 

the angular velocity and angular acceleration of link: BD 

at this instant. a».„ - {-2.001 > n 


10 AC = 8 rad/s 

o 



ca tD - {-2.001} nd/s Ant 

-4k = 12J + v JM 

v*« = {-l?f — 4k} ft/s 

•t - + a * r iM + a x (v MIA ) 


Pd 

2 > j 

-(2) J (2)i + (a 4 ),k = -961 + 53+0?, a. 

k i 

a, + —1.633 

i 

0.2449 

-O.7347I 


3 2 

-d 0 

-12 

-4 1 


0 - -96 + a,(-6) -2a, - 9.796 
-8=9 + 6a, + 3a, - 6.5308 
(<%>, = 0,(2) - a,(3) + 19.592 
(a,), = 69.00 ft/s 2 


69.00 „ , 

<Zjc = —-— « 34.5 rad/s 2 


a BD - {34.51} rad/s 2 


*20-20. If the rod is attached with ball-and-socket joints "t 
to smooth collars A and B at its end points, determine j 
the speed of B at the instant shown if A is moving ; “ f -8k > 

downward at a constant speed of v A - 8 ft/s. Also, ^ = v f 
determine the angular velocity of the rod if it is directed v * 

perpendicular to the axis of the rod. r „ A = {2i + 6j - 3 k} a 

z 


v A = 8 ft/s 



a = {<»,l + to,i + <n,k} nd/s 
*s ■= v A + co x r „ A 

M i k I 


v,i = -8k + 


« i k 

< 0 , to, to , 

2 6 -3 ~ 



v, = -3a>, -6ffl, (j) 

— 0 - 3 m , + 2<a,-(2)- 

0 = - 8 + 6a), — 2 co, ( 3 ) 

Als<* C0-Tg IA = 0 

(flJj + + fiJjk) (2i + 6j -3k) = 0 

2< 0 , + 6a>, - 3a>, = 0 { 4 ) 

Solving Eqs. (1) - (4) yields 
to, = 0.9796 rad/s _ 

%“-l.Q61nd/s____ - 

<», = -1.469 rad/s 

a> - {0.9801 - 1.06J - 1.47k} nd/s Ans 

Z ___An* 


IMMiFsiiM 











20-21. If the collar at A is moving downward with an 
acceleration a A = {—5k} ft/s 2 , at the instant its speed is 
v A = 8 ft/s, determine the acceleration of the collar at B 


at this instant. 

a B = a B i, Ua = -5k 
From Prob. 20-20. 

w AB = 0.9796i - 1,0612j - 1.4694k 

= a A 4 a B/A 

a B/A = U>AB X +“AB X Tb/A 

v b/ a = v B - v A = 12i 4 8k 

a S /A = |0.9796i - 1.06I2j- 1.4694k) x (12i + 8k) + foi 4 a,.j 
-far-k) x (2i + 6j - 3k) 

a B i = -5k + {0.9796i - 1.0612j - 1.4694k) x (12i 4 8k) 


v A = 8 ft/s 



4- {(—3a,. — 6o-- )i 4 (2a- 4 3a, )j 4 (6a, 
3a v -1- 6 a z 4- ag = —8.4897 
—3a t - 2a ; = -25.4696 
—6a, + 2a,. = 7.7344 


2a,)k) 

Solving these equations 
a« = -96.5 

a B = 1—96.5i) ft/s 2 Ans 


20-22. The rod AB is attached to collars at its ends by 
ball-and-socket joints. If collar A has a speed v A = 3 m/s, 
determine the speed of collar B at the instant shown. 


Velocity Equation: Here, 


r BfA = {(2 - 0)j 4 (0 - l)k) m = {2j - Ik) m, 


v A = {—3k) m/s. v s = 


(0- 1.5)i4(2-0)j 
v/(0 — 1.5) 2 4 (2 — 0) 2 



— —0.6t' B i 4 O.Sfflj 

and w = oJ.,i 4 ft) v j 4 ft> : k. Applying Eq. 20-7, we have 
vb = v A 4 co x r B// , 

—0.6u B i 4 0.8i) fl j = —3k 4 (co x i 4 ft),j 4 ro,k) x (2j — 1 k) 
—0.6i:/;i 4 0.8u/jj = (—3 — a>y — 2ft>,)i 4 ft),j 4 (2ft), — 3)k 
Equating i, j and k components, we have 


0.6l <B = ~ft)y — 2ft); 

111 

0.8u fl = ft) T 

[21 


If co is specified acting perpendicular to the axis of the rod AB. then 
<0 • r«/A = 0 

(ft) A i 4 ft),j 4 a).-k) ■ (2j - Ik) = 0 
2ft), ~ ft); = 0 [4] 

Solving Eqs. f 1 J, [2], [3) and )4) yields 
<u v = 1.50 rad/s 
g) v = 0.225 rad/s 
co, = 0.450 rad/s 


v B = 1.875 m/s 

www.f-lsolunionHrio.nRt 


Ans 


0 = 2a) t — 3 


[3] 






20-23. If the collar at A in Prob 20-22 has an accel¬ 
eration of a A = [-2k] m/s 2 at the instant its speed is 
Va = 3 m/s, determine the magnitude of the acceleration 
of the collar at B at this instant. 


Velocity Equation: Here, 

Tb/a = 1(2 - 0)j + (0 - l)k} m = {2j - !k} m. 



Va = 1—3k] m/s, \ B = v B 


(0—1,5)i + (2 — 0)j 
7(0 - 1.5)- + (2 - 0) 2 


= — 0.6i; s i 4- 0.8u s j 

and a> = to x i + cu v j 4- ro : k- Applying Eq. 20-7, we have 

vs = Va + o> x r B /A 

—0.6i'si + 0.8r fi j = -3k 4- (&>,i + co y j 4- ro : k) x (2j - lk) 

—0.6i'ai + 0.8i> s j = (-3 — io y — 2<o ; )i + j + (2w x — 3)k 
Equating i. j and k components, we have 

—0.6t,'B = — a>y — 2 w- [11 

0.8t,’s = a> x [2] 

0 = 2eo s - 3 [3] 

If co is specified acting perpendicular to the axis of the rod AB. then 
w ■ Tb/a = 0 

(«,i -f- a),.j 4- <u-k) - (2j - lk) = 0 
2 co y — co. = 0 [4] 

Solving Eqs. [1], [2], [3] and [4] yields 
i'g = 1.875 m/s <t) x = 1.50 rad/s 
coy = 0.225 rad/s ai- = 0.450 rad/s 
Thus, 

cu = {1,50i 4- 0.225j 4- 0.450k] rad/s 


Acceleration Equation: With a = a, i 4- o',] 4 - k and the result 
obtained above, applying Eq. 20-8, we have 

a« = a A 4- o x tb/a +co x (co x t B /a) 

— 0.6a B i 4- 0.8a B j = -2k 4- (« r i 4- or > j 4- a : k) x (2j - lk) 

4- (1.50i 4- 0.225j 4- 0.450k) x [(1,50i 4- 0.225j 4- 0.450k) x (2j - 

— 0.6a 8 i 4- 0.8a a j = (—o',, — 2a ; )i 4- (or v — 5.00625)j 

4- (2a x + 0.503125)k 
Equating i, j and k components, we have 

—0.6<ajsr = —of, - 2o , ; [5] 

0.8 a B - oc x - 5.00625 [6] 

0 = 2a, 4-0.503125 [7] 

Solving Eqs. [6] and [7] yields 

or, — —0.2515 rad/s* 

= —6.57 m/s : Ans 

Negative sign indicates that a 8 is directed in the opposite direction to 
that of the above assumed direction. 

Note: In order to determine a y and a-, one should obtain another 
equation by specifying the direction of a which acts perpendicular to 
the axis of rod AB. 


lk)] 







20-24. The rod AB is attached to collars at its ends by 
ball-and-socket joints. If collar A has a velocity of 
v A = 5 ft/s, determine the angular velocity of the rod and 
the velocity of collar B at the instant shown. Assume the 
angular velocity of the rod is directed perpendicular to 
the rod. 


v„ = {Si} ft/, 
v* - -v»j 


r» M - {-3« + 4j - 5k} 



+ to x r, M 

i j ki 

-v a j = 51+ m, a>, <oJ 

-3 4 -si 

5 -5a), - 4a), » 0 

5m, - 3a», » -v, 

4a>, + 3a>, - 0 

mr„ c = 0 

-3m, + 4a>, - 5a>, « 0 


a> - {-0.3751 + 0.5j + 0.625k) rad/* 
y, - {- 3.75}} ft/s An* 


20-25. Solve Prob. 20-24 if the connection at B consists 
of a pin as shown in the figure below, rather than a ball- 
and-socket joint. Hint: The constraint allows rotation of 
the rod both along bar DE (j direction) and along the 
axis of the pin (n direction). Since there is no rotational 
component in the u direction, i.e., perpendicular to n and 
j where u = j x n, an additional equation for solution 
can be obtained from to- u = 0. The vector n is in the same 

direction as r B /c x to/c- 



v c = {ti}m/s v 8 =-v„j CDg c = 0 ) t i + (u - j + Dik 
r i/c = {-0.2i + 0.6j + 0.3k} m 


Vjj = *c + &BC x r fl/C 

i j k 

-v 8 j = li+ to, tOy ox 
—0.2 0.6 0.3 

Equating i, j and k components 

l+0.3oy -0.6 m =0 (1! 

0.3d), + 0.2 a\ = v 8 (2) 

0.6at,+0.2a>, =0 (3) 


r 8 , c = {-0.2i+0.6j + 0.3k} ra 
ro/c = {—0.2i+0.3kJ ra 


~ ~ ~r i t | 

r«/c x r D , c = -0.2 0.6 0.3 = {0.181+0.12k} m 2 
-0.2 0 0.3 


0.181+ a 12k 


= 0.83211+0.5547k 


/0.18 2 + 0.12 2 ■ 


u = J x n = j x (0.832 li+0.5547k) = 0.55471 - 0.8321 k 
<% c u = (flii+ayj + <!*k)- (0.5547i-0.8321k) 
0.5547<ts,-0.8321fflk =0 (4) 

Solving Eqs.(l) to (4) yields: 

ai =0.769 rad/s to, = -2.31 rad/s ox = 0.513 rad/s 


Ofec = {0.769i-2.31J + 0.5t3k} rad/s Ans 
v s = f—0.333j} m/s Ans 


v 8 = 0.333 m/s 

















20-26. The rod assembly is supported at B by a ball-and- \ 
socket joint and at A by a clevis. If the collar at B moves 
in the x-z plane with a speed v B - 5 ft/s, determine the 
velocity of points A and C on the rod assembly at the 
instant shown. Hint: See Prob. 20-25. 


v B = 5 ft/s 



»i « {5cos30°i - Ssin30°k} ftfs v„ » -v A k <o Ale = <0,1 + a> y j+ 1 

*a/.-{4J-3k}ft r al » {21-3k} ft 

V A “ + m A*C X r AIB 

I j k 

-v,,k«Scos30 o l-5sin30°k+ a>„ <», to, 

0 4-3 

Equating!, j and k components 


4«,-Jsin30“ = -v^ [3] 

Also, since there is no rotation aboutthe y axis 
“xac' J = ( “x t + <», j + <», k) • (j) «= 0 


Solving Eqs.UJ to [4] yields: 


a), « eo, * 0 


1.083 rad/s v„ = 2.5 ft/s i 


m,ic ° {1.083k> rad/t 


v A = {-2.50k} fi/s 


« j k 

= 5cos30°l-5sin30 <, k+0 0 1.083 
2 0-3 

« {4.331 + 2.17j—2.50k } ft/s 
















20-27. Rod AB is attached to collars at its ends by ball- 
and-socket joints. If collar A moves upward with a velocity 
of 8 ft/s, determine the angular velocity of the rod and the 
speed of collar B at the instant shown. Assume that the 
rod’s angular velocity is directed perpendicular to the rod. 


v<-{8k}fi/s v®^v s i + -u i | ( q) ab =c},i+o)yj + ai t k 

r tlA = {i. 5i - 2j - I k > ft 


v« = + 0 ) AB xr BM 

3 . 4 

i j k 

- i + - u s k = 8k + 

CO, CO, CO, 


1.5 -2 -1 

Equating i. j and k 


-c*x, + 2o. ( - ug 

(1) 

at, + 1.5a>. = 0 

(2) 

S-2tu, - l.Stu, = -u s 

(3) 



Since co AB is perpendicular to the axis of the rod, 

*• P »M = + + (1.54 —2j— Ik) = 0 

=0 (4) 

Solving Eqs.(l) to(4) yields : 

ni = 1.1684 rad/s &>, = 1.2657 rad/s co, = -0,7789 rat 
i>»= 4.71 ft/s A ns 

Thw ati» = { 1- 171+ 1.27J - 0.779k) rad/s An 


EeTSIIIM r*TiFsl i M i M 












*20-28. Rod A B is attached to collars at its ends by ba!l- 
and-socket joints. If collar A moves upward with an 
acceleration of a A - 4 ft/s 2 ; determine the angular 
acceleration of rod AB and the magnitude of acceleration 
of collar B. Assume that the rod’s angular acceleration is 
directed perpendicular to the rod. 



From Prob. 20-27 

w AS = {1.1684i + 1.2657J-0,7789k} rad/s 
r SIA ={1.5i-2j- lk}ft 
a.AS = a.i+a»j + ttik 


, 3.4 

a, = {4k} ft/s 2 a B = ~-a B i + -a a k 


a 8 = i A + a AB xr BIA +fl>ss x(%jxr SM ) 

-|.a 8 i+ |a»k = 4 k +(a, i+ oy+ o^k}* (I, S-^rJIL_ 

+(1.16841+ 1.2657j-0.7789k) 


x[(l. 16841+ 1.2657J -0.7789k) x (1.51- 2j - lk)] 


Equating i, j and k components 


Since a AB is perpendicular to the axis of the rod, 
a A B r JM =(o,i + a ) ,j+a [ k) (1.5I-2J-lk) = 0 
1.5a, -2a, -o^ =0 (4) 


-a, +2a. - 5.3607 = --as 


a, + l.5.a : +7.1479 = 0 


Solving Eqs.(l) to (4) yields : 

a, = -2.7794 tad/s 2 a, = -0.6285 rad/s 2 a, = -2.91213 rad/s 2 
a a = 17.6 ft/s 2 A ns 


7.5737-2a, -1.5a, = -a B 


Then a AB = {-2.78i-0.628j-2.91k} rad/s 2 








20-29. The triangular plate ABC is supported at A by 
a ball-and-socket joint and at C by the x-z plane. The 
side AB lies in the x-y plane. At the instant d = 60°, 
d = 2 rad/s and point C has the coordinates shown. 
Determine the angular velocity of the plate and the 
velocity of point C at this instant. 



v 8 = - 5sin60°i + 5cos60°J 
= {-4.331 +_2.Sj} ft/s 


v c = Oc).i + <vc) t k 


r C M = {3i + 4k} ft 

r, M « {1.251 + 2.165J} ft_ 


V* = 0 ) x rgH 




i-sft / = 5iy s 


° - 4m. - 6; 04 = 1,5 rad/s 

(vc)z = -3oi, 

Solving, 

= 2 .5981 rad/s 


i j k 

— 4.33i + 2.5j = co, co, at 

1.25 2.165 0 


( v c )x = 10.392 ft/s 
(Vc) : = -7.7942 ft/s 


-2.165at = -4.33; at = 2 rad/s 
2.165ot - l-25a)y =0; ay = 1.732at 

v c = or x r CM 

i j k 

(Vf),i + (vc) s k = at ay 2-— 

3 0 4 

(v c ), = 4at 


® " {1.501 + 2.60J + 2.00k} rad/s 
vc = {10.4i - 7.79k} ft/s 






20-30. The triangular plate ABC is supported at A by 
a ball-and-socket joint and at C by the x-z plane. The 
side AB lies in the x-y plane. At the instant 6 - 60 , 
f) = 2 rad/s, 8 = 3 rad/s 2 , and point C has the coordinates 
shown. Determine the angular acceleration of the plate 
and the acceleration of paint C at this instant. 



Froia- Prob.20~ 29,--—--*-- 

^ = 1.51+ 2.59811+ 2k. ....... 

p.m = 1.25i + 2.165j 
v 8 = -4.33i + 2.5j 
(a»), = 3(2.5) = 7.5 ft/s 2 
(as). = (2) 2 (2.5) = 10 ft/s 1 

a* = -7.5sin60°i + 7.5cos60°j - 10cos60°i - 10sin60°j 
a e = -U.4952i -4.9l025j 
a s = a x r B iA + to x v bm 


• 11.49521 - 4.91025,1 = 


I i 

a, _a, 


o% = 3 rad/s 2 

0 = 2.165a, - 1.25a,, + I S __d) 

ac = a x tcia + o>x vcm 
vcm = 10.391- 7.794k 

ac = (ac)xi + (<>c) t k = 

I 3 0-1 

(ac), = 4a, - 20.25 (2) 

0 = 3a, - 4a, + 32.4760 (3) 

..... .._ (ac) . = -3a,—27-(4) 

Solving Eqs. (l>-(4). 


i j 

k 


a, a, 

a* 

+ 

3 0 

4 



i.i k 

1.5 2.5981 2 

-4.33-2.5T 0 


a, = 10.369 rad/s 2 


(ac)x = 99.6 ft/s 2 
(ac) z = — 117 ft/s 2 


11.25 2.165 0 

11.4952 = -2.1650% - 5 


a, = 29.96 rad/s 2 


ac = {99.6i - 117k} ft/s 2 Ans 

a = {10.4i + 30.0j + 3k} rad/s 2 


-4.91025 = 1.250% - 8.66 


Ans 








20-31. Solve Example 20-5 such that the x, y, z axes 
move with curvilinear translation, O = 0, in which case 
the collar appears-to have both-an angular-velocity 
ft tyz = a>i + a >2 and radial motion. 


Relative to XYZ, let xyz have 
£1 = 6 £1 = 0 
r* = {-0.5k} m 
vg = {2j} m/s 
a 4 » {0.75j + 8k} m/s 2 

Relative to xyz, letx'/z' be coincident with xyz and be fixed to BD. Then 

£!,„ - a), +o% = {41 + 5k} rad/s £*,„ = ©,+<!* = { 1.51-6k} rad/s 2 
(Ten ),, z = {0.2J} m 

( v c/s ), yz = (r cib)x)i = (rc/g)j.>i' + (a>i +tifc)*(rc/g).,,j 
= 3j + (4i + 3k)x(0.2J) 

= {-li+3j+0.8k} m/s 

(*c/i h,i =(rc/g)x,i = [(re/g )*>■«• + (®i + e%)x(rc/a )*>•«■ J 

+[(d), +d%)x(r c ,g ),„]+[(<», +a*)x(r c/ a).,„] 

<■c/*),„ =[2j + (4i + 3k)x3j]+[(1.51-6k)x0.2J]+[(41+51k)x(-li+3j + 0.8k)] 
= {-28.8i - 6.2j + 24.3k} m/s 2 

Vc = Vg + £1X TciB + (Vc/g )xy t _ 

= 2j+0+(-li+3j + 0.8k) 

= {-1.00i +5.00J + 0.800k} m/s An* 

ae =»« -t - ft x r 0 a + £lx (£lx fc y g } +2 £lx (v^ g ) ,„ 4 (a e/gj^ r---— - 


= (0.75j + 8k) + 0 + 0+0+ (-28.8i - 6.2j + 24.3k) 
= {-28.8i-5.45j + 32.3k} m/s 2 


An* 


















*20-32. Solve Example 20-5 by fixing x , y, z axes to rod 
BD so that ft = <«>! + cos. In this case the collar appears 
only to move radially outward along BD; hence il xyz — 0. 


Relative to XY2, lcur'y'z be coincident with XYZ and have O' = <a>, and fl' = a>i. 

£1 = <Ui +o>,i = {4i + 5k} radii 

Q = Oh + <02 = 'j + <0| X<0, j + ^CU; j -KOlXfflij 

= (1.51 + 0) + [-6k + (41) x (5k)] = {1.51 - 20j - 6k} rad/s 2 
r* = {-0.5k} m 

v* = r B = fr fl ) + £ 0 i xr 8 = 0 + (41)x(-0.5k) = {2j} m/s 

V Jx'y't 

a» = r a = [( ir ») +<B i x ( r » ) . . + xr * +a>i xr ( 

= 0 + 0V[(l. 51) x (-0.5k)] + (41 x 2jj = {0.75] + 8k} m/s 2 
Relative toVy'z', let xyi have 
a,! =0; A,,r=0; 

frets) ={0.2j}m 

V. /xyi 

( V C/B )xyz ={3j> m/s 
(acts )*,j ={2j} m/s 2 
v c = v s + £2xr c/s +(v C tjj,„ 

= 2j+[<4i + 5k)x(0.2j)] + 3j 
= {-li + 5j + 0.8k} m/s Ans 
ae =a« +£ixr c/s +nx(Qxrc/a) + 2flx(v c/8 ),„ + (ac/s )x, t 

= (0.75j + 8k) + [(1.5i - 20j - 6k) x (0.2j)] + (41 + 5k) x[(4i + 5k) x (0.2j)] + 2[(4i + 5k) x (3j)]+2j 
ac = {-28.8i-5.45j-t-32.3k} m/s 2 Ans 


Jucionario.net 










20-33. At a given instant, rod BD is rotating about the 
>> axis with an angular velocity oj bd —2 rad/s and an 
angular acceleration co BD = 5 rad/s 2 . Also, when 9 = 60° 
link AC is rotating downward such that 9 = 2 rad/s and 
9 = 8 rad/s 2 . Determine the velocity and acceleration of 
point A on the link at this instant. 


£2 = —2i — 2j 


t a , c = 3cos60°j - 3 sin 60°k = 1,5j - 2.5980762k 
£2 = —5j - 8i + (—2j) x (—2i) = {—Si - 5j - 4k} rad/s 2 


oj !!D = 2 rad/s 
(0 K /i = 5 rad/s 2 



V/i = v c 4- £2 x r A/c + (v A/c )„ c 


v A = (—21 — 2j) x (l,5j - 2.5980762k) 4- 0 


v A = 5.19615i - 5.I9615J - 3k +0 


v A = (5.201 - 5.20j - 3.00k} ft/s 


a A = a t : 4- £2 x r A / C 4- £2 x (£2 x r A/c ) 
+ 2(£2 x (v A/c ) 

xyz ) + ( a A/c)xyz 


■- 0 + (—8i - 5j - 4k) x (1,5j - 2.5980762k) 

4- (—2i — 2j) x (5.19615i — 5.19615j — 3k) + 0 + 0 


a A - 24.9904i - 26.7846j 4- 8.7846k 


a A = {25i - 26.8j + 8.78k) ft/s 2 


20-34. During the instant shown the frame of the X- 
ray camera is rotating about the vertical axis at od z = 
5 rad/s and <w c = 2 rad/s 2 . Relative to the frame the arm is 
rotating at cu re i = 2 rad/s and cb K \ = 1 rad/s 2 . Determine 
the velocity and acceleration of the center of the camera 
C at this instant. 


1.25 m 1.75 m 


( 0 . = 5 rad/s _ 

to. = 2 rad/s 2 "-4~- 


£2 = {5k} rad/s 


£2 = {2k} rad/s 2 


rg = { —I.25i} m 


w v = 0+ 5k x (—1.25i) = —6.25j 

a B = 0 + 2k x (— 1.25i) 4- 0 4- 5k x (—6.25j) 


= 31.25i — 2.5j 


.• - 

A 


i 


CQ" 1=2 rad/s 
f ' fd„.i = 1 rad/s 2 


4~. .. < u rc! 


£2 tv - = {2j} rad/s 
£2. tj: = {lj} rad/s 2 
r c/b - {1.75j 4- Ik) m 

(Vc/B).t r ; = r c/b = 0 4- (2j) x (1.75j 4- lk) = 2i 




/ 1.75 m 
1.25 m 
- Y 


(a c/b)xyi = r c/b = 0 4- (lj) x (1.75j4- lk) 4-0 4- (2j) x (2i) 


= li -4k 


Vc — v fl 4- £2 x r C /B + iVc/ A )xyt 
vc = —6.25j 4- 5k x (1.75j 4- lk) 4- 2i 


v c = {—6.75i - 6.25j} m/s 


ac — ag 4-£2 x r c/g 4- £2 x (£2 x Tc/b ) + 2(£2 x {Vc/ii)t?z) + ( fl c/»).r.v.- 
= (31.25i - 2.5j) 4- (2k) x (1.75j 4- lk) 4-5k[(5k) x (1.75J 4- lk)] 


4- 2(5k) x (2i) 4- (li — 4k) 


ac = {28.75i - 26.25j - 4k} m/s 2 
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20-35. The boom AB of the crane is rotating about the 
z axis with an angular velocity <u, = 0.7S rad/s, which is 
increasing at u> z - 2 rad/s 2 . At the same instant, 9 = 6 0° 
and the boom is rotating upward at a constant rate 
8 = 0.5 rad/s 2 . Determine the velocity and acceleration Moao» or moving reference: 


of the tiD B of the boom at this instant. 



9- 0.5 rad/s 2 


I 

-Nfi\ = 


= 0.75 rad/s 
eb z = 2 rad/s 2 


n - o» t - {0.75k> rad/i 


n - (<»)„* - 

r„ - <51 } ft 


{2k> rad/i 2 


▼ n — ffl - Q x r 0 

- O + (0.75k) x(Sl ) 

- {3.75)} ft/f 

«o - To - t(io)„« + n X (r 0 )„J + n x to + n x r„ 

. O + 0 + (2k) x (51) + (0.75k) x (3.75)) 


. {-2.81251 + 1PJ) ft/1* 

Motion of B with respect to moving reference: 
Q J/0 - {—0.5)} rad/s 


r J/0 - 40cos60*1 + 40sin60®k - {201 + 34.64k> ft 

m T ato m ( r s/o)*>i + Qj/o x r i/o 

- 0 + (—O.SJ) X (201+ 34.64k) 

- {-17321+ 10k) ft/i 

(•»«>)*»« “ “ l(r»io)xji + n i/o x <?i/o).,J + ^ 3 l/o^ x ' i »/o + n »/o* ti/o 

- « + 0 + 0+(-O3J)x(-17321+ lOk)..— - _ - 

- {-51 - 8.66k > ft/i 2 

▼j ■*« + »» r i/o + (v,,o),„ 

- (3.75)) + (0.75k) X (201 + 34.64k) + (-17.321 + 10k) 

,, - {-17.31 + 18.8) + 10.0k} ft/i Ana 

a, — Sg + 12 X r J/0 + 12 x (£2 X S4/0) + 2£2 X (V|/o),, t + (•i/o)sy* 

- (-2.81251+10))+ (2k) X (201 + 34.64k) + (0.75k) X [(0.75k) X (201 + 34.64k>] 
+ 2(0.75k) x(—17.321 + 10k) + (-51 -8.66)) 


- {-19.11 +24.0) - 8.66k} ft/s 2 








*20-36. The boom AB of the crane is rotating about the 
z axis with an angular velocity of to z = 0.75 rad/s, which 
is increasing at co z = 2 rad/s 2 . At the same instant, 6 = 60° 
and the boom is rotating upward at 6 = 0.5 rad/s 2 , which 
is increasing at 8 = 0.75 rad/s 2 . Determine the velocity 
and acceleration of the tip B of the boom at this instant. 


z 



Motion of moving reference: 

Q “ to t » {0.75k} red/e 

6 - (<B),„ - {2k} rad/s 3 
r o - {S } ft 

»o " *o - + a x r 0 

- O + (0.75k) x (51) 

- {3.75J} ft/s 

•o ” ■ K'o).,. + Q x (!•<,),„] + a x r„ + a x r„ 

- 0 + # + (2k) x (51) + (0.75k) x (3.75J) 

- {-2.81251 + ICS) ft/t 3 

Motion o( a with respect to moving reference: 

Uko “ {-0.5J} rad/s 
d„o - {—0.75J} rad/s 3 

*a/o * 40cos60°i + 40sln60°k - {201 + 34.64k} ft 

(*B/o)xyz “ r’j/O “ ( r t/oKyz + fl./o x r #/(5 

“ 0 + (-0.5J) x (20t+ 34.64k) 

- {-17.321+ 10k} ft/s 

(•e/o)«,« " r, /0 - ((if„£,),„ + n„ 0 x (r„ a ) vt ] + a, lo x r J/0 + 0 I)0 x r, lo 

- 0 + 0 + (-0.75J)x (201 + 34.64k) +(-O.SJ)x(-17.321+ 10k) 

- {-305(81 + 6.34k} ft/s 3 
v„ « v 0 + Q x r, lo + (▼„„),„ 

“ (3.75J) + (0.75k) x (201 + 34.64k) + (-17.321 + 10k) 
v„ » {-17.31 + 18.8J + 10.Ok} ft/s An. 

- «o + a X r </0 + a X (a x t , lo ) + 2a x (»,„,)„, + (•„„),„ 

’ (-2-81251 + 10J) + (2k) x (201 + 34.64k) + (0.75k)x{(0.75k)x(20l + 34.64k)l 
+ 2(0.75k) x (-17.321 + 10k) +(-30.981 + 6.34J) 


»s - {-45.01 +24.QJ + 6.34k} ft/s : 


Am 













20-37. At the instant shown, the boom is rotating about 
the z axis with an angular velocity <u, = 2 rad/s and angular 
acceleration <l», = 0.8 rad/s 2 . At this same instant the 
swivel is rotating at = 3 rad/s when = 2 rad/s 2 , both 
measured relative to the boom. Determine the velocity and 
acceleration of point P on the pipe at this instant. 


a >2 = 3 rad/s ^ 
a >2 = 2 rad/s 2 v 


CD 


T—^ 

/ 

Y gj 

1 

3 m 

_u£ 



o?j sf 2 rad/s 
d) t = 0.8 rad/'s 2 


Relative to XYZ, let xyz have 

Q = {2k} rad/s « {0.8k} rad/s 2 (Q does not change direction relative to XYZ.) 

•a = {-6j + 3k} m (r,, changes direction relative to XYZ.) 
v a = r A =(fa)„i + flxr A = 0 + (2k)x (-6J + 3kj) = {121} m/s 

®a = h =[(* : a)jj,+Ox(r A ) IJ , l j+fixr^+flxr A 

= 0+0 + (0.8k) x (-6j + 3 k) + (2k) x ( 121 ) 

= {4.81+24j} m/s 2 

Relative to xyz, 1 elXy'z' have the origin at A and 

- {3k} rad/s Cl, y , = {2k} rad/s 2 (Q, yI does not change direction relative to xyz. ) 

( r HA)xy! = {4i + 2j} m ((rpi A ) tyr changes direction relative to xyj.) 

(yp/A )xyx - (>>M ).,! = (XpiA )«>';' + iixyx X (r p, A ) xyl 

= «+(3k)x(4i+2j) 

= {-6i+ 12j} m/s 

(W„< .=, .&a)«z. =[(f, M ) I/! . x(t> M ), >v .]+[a,„ x<r,,A, t ]+[£i, r « xfo,*),,,,] 

= 0+0+[(2k)x(4i + 2j)]+[(3k) x(-6l+ 12j)] 

= MOi-10}} m/s 2 .................................. 

Thus, ' ' " 

v, = tA+flxr m +(vm)„, 

= 12i+[(2k)x (4i + 2j)] + (—61+ 12j) 

= {2i+20j} m/s Ans 

as - *a + Clx i>, A + Ox (fix r> M ) + 2flx (v m ),„ + («, M 

= (4.81+24j)+[(0.8k) x (41+2j)]-+2k xf2lrx(4l+ 2 j)J 

+[2(2k)x(-6i +12j)]+(-401 - 10J) 

= {—1011 — 14.8J} m/s 2 Ans 











20-38. The boom AB of the locomotive crane is rotating 
about the Z axis with an angular velocity to x = 0.5 r^d/s, 
which is increasing at = 3 rad/s 2 . At this same instant] 
0 — 30° and the boom is rotating upward at a constant 
rate of 0 = 3 rad/s. Determine the velocity and 
acceleration of the tip B of the boom at this instant. 



Q * {0.5k} rad/t 


Q - {3k> rad/« 2 I A , { 3 j} m 


y * “ r * (r *>*yz + n * r A = 0 + ( 0 . 5 k) x( 3 j) = {-J. 5 i} m/s 

K “ *■,» = [(«",(),,£ + fi + a x r A + Q x r A 

- 0 + 0 + ( 3 k)x( 3 j) + ( 0 . 5 k) x(- 1 . 5 i) 

» {- 9 i - 0 . 75 J} m/s 2 
“ { 31 } rad/s » 0 

r »M » 20 cos 30 °j + 20 sin 30 ” = { 17 . 32 J + 10 k} m 


(U/a)„, = H,a = («*«)*« + x t„ A 
" « + (31) X (17.33 + 10k) 

= {-30j + 51.96k} m/s 

= t,U = f( '" A « + x r„ A , + f Q„ t x 

(•„*),» - 0 + 0 + 0 + [(3i) x(-3Qj + 31 . 96 k), . { _ 1S5 88j _ ^ ^ 
v, - + Oxr JM + (*,„)„„ 


- 1 JI + (( 0 . 5 k) x( 17 . 32 j + 10 k)} + (- 3 QJ + 51 . 96 k) 


- {- 10 J 2 I - 30 j + 52 . 0 k} m/s Ang 

- * -a ♦ a X r, /A + Q x (O xr 4M ) ♦ 20 X (v IM ),„ + ( >JM)in 

' ^^gxi-lofi^ + ia)1 

“ f“ 31 « - 16 U - 90 k} m/s 2 Ans 


llli 












20-39. The locomotive crane is traveling to the right at 
2 m/s and has an acceleration of 1.5 m/s 2 , white the boom 
is rotating about the Z axis with an angular velocity 
<*>t — 0.5 rad/s, which is increasing at ^ = 3 rad/s 2 . At 
this same instant, 0 = 30° and the boom is rotating upward 
at a constant rate 0 = 3 rad/s. Determine the velocity and 
acceleration of the tip B of the boom at this instant. 


m j = 0.5 rad/s c4~) 
tt>[ = 3 rad/s 2 


0=3 rad/s - 


, 0 = 30° 




Q - {O.Slt} rad/s Q - {3k} rad/s 1 r A - <3j} m 

v * ” r o = C r s)«rt + O x r A - 2j + (0.5k) x(3j) - {-1.5i + 2j} m/s 

*•» “ = ffr* ), yl + Q x(r A )„ >t ] -t- G x r A + tl x r A 

- 1.5] + (0.5k)x{2j) + (3k)X(3j) + (0.5k) x(-1.5i + 2j) 

- {-Ill +0.75J} m/s 2 

°. K - {31} rad/s n,„ = 0 

r,!A m 20cos30°j + 20sin30“ = {17.32j + 10k} m _ 

( v s«)xjt = r i/i ” + fi,, r x r t/A 

~ + '(3i)‘x ( 1732j + 10k) 

= {—30J + 51.96k} m/s 

(»*«)„„ - r*/x - !(«■»«),„ + a,„ x (r a/A ) XJrz ] + [G x „ x r„ A ] + [G x ^ x r„ M ] 

(•»«).« = 8 + 0 + 0 + [(3i)x(—30j + 51.9<ac)] - {-155.88j - 90k} m/s 2 
v„ = v A + SI x r tlA + <v„ A ),„ 

= - 1.51 + 2J + [(0.5k)x(17.32j + 10k)] + (-3Qj + 51.96k) 

- t-lOia - 28j + 52.0k} m/s Ans . 

a, - a A + IJ x r., A + a x (fl xr„ A ) + 20 x (v i/A ),„ + (a„ A ) A „ 

= {-111 + 0,75j> + [(3k)x(17J2j + 10k)} + 0.5kx[0.51c x(17.32j + 10k)] 
_-*-( 2(0Jk) x(-30j + 51.96k)] + (-155.881 - 90kl _ 

= {-33.01 - 159] - 90k} m/s 2 Ans 









*20-40. At the instant shown, the helicopter is moving 
upwards with a velocity v lt = 4 ft/s and has an 
acceleration an = 2 ft/s 2 . At the same instant the frame 
H, not the horizontal blade, is rotating about a vertical axis 
with a constant angular velocity a>n - 0.9 rad/s. If the tail 
blade B is rotating with a constant angular velocity u>b/ii- 
180 rad/s, measured relative to H, determine the velocity 
and acceleration of point P, located on the tip of the blade, 
at the instant the blade is in the vertical position. 


Relative to XYZ, let xyi have 

Q = {0.9k} rad/s £l = 0 (Cl does not change direction relative to XYZ.) 

r s = {20j} ft (r B changes direction relative to XYZ.) 
v b = r B = + flxr B = 4k + (0.9k)x(20j) = {-181 + 4W} ft/s 

*b = r B = j\r s ),„ + £2x(r» j j + flxr* + Clxr B 

...= [Jkj 0] +0+£0.9k) JlC-lSI.+-4kl]____ 

-.•-.-.= M.&2j.+-2k} ft/s 2 - -------.—.. .- 

Relative to Jtyz, IctjCy'z' have 

Cl<yi = {—180i} rad/s Cl, yl = 0 (Q, rt does not change direction relative toayz.) 

(s>/s )xyt = {2.5k} ft ((r rishyi changes direction relative to xyz.) 

(Xp/b) iyt =(rwj),',Y+«,„x(rm).„ = 0+ (-1801)x(2.5k) = {450J} ft/s 

( A Pfs)xyt — (i ’p/ B )xyt " [(^V/S )t'y’: + Cl x v ; X (>>/# )*'j J X + Cl iyl X (t */>/3 )iyi 

= [0+0]+0+(-180i)x(450J) = {-81 000k} ft/s 2 

Thus, 

V, — V B + ClX Tpis + (v ft , ),„ _ 

= (-18i+4k)+[(0.9k)x(2.5k)]+(450j) 

= {-18I + 450j + 4k} ft/s Ans 

a, = a s + fix r m + ilx (fix r P/B )+2Clx (v P/l ),„ + (a m ),, t 

= (-16.2j+2k) + 0+ (0.9k) x [(0.9k) x <2,5k)]+[2(0.9k) x (4S0j)] + (-81 000k) 

= {—8tot — I6.2j-81 000k} ft/s 2 ‘ Ans 













20-41. At the instant shown, the arm OA of the conveyor 
belt is rotating about the z axis with a constant angular 
velocity w x = 6 rad/s, while at the same instant the arm 
is rotating upward at a constant rate «2 = 4 rad/s. If the 
conveyor is running at a constant rate r = 5 ft/s, 
determine the velocity and acceleration of the package P 
at the instant shown. Neglect the size of the package. 


z 



O „ 0 = l 4 *) 


a no = o 

r„o - {4.243j + 4.243k} ft 


(' r noh,T m t*r/o)Zji --- - 

- (5 cns45?j + s sta45 0 k) + (44) x (4.243J + 4.243k) 

«■ {-13.44j + 20.51k} ft/s 

* ( r p/o)xyz tlp/o x ( r wo)i„ + X Tpi 0 + r wo 

= o + (4i)x(3.S36j + 3.536k) + 0 + (41) x(-13.44j + 20.511c) 
= {—96.18j - 39.60k} ft/s 2 
t, - y a + Q x r „ 0 + (y„ 0 ), yt 

- .- 0 + (6k)X(4.243j + 4.243k) + (-13.44J + 20.51k)... 

t, - {-25.51 - 13.4J + 20.5k} ft/s A ns 

m, « a„ + a x r„ 0 + a x (Q x r wo ) + 2fl X (v wo ),„ + («„„),„ 













20-42. At the instant shown, the arm OA of the conveyor 
belt is rotating about the z axis with a constant angular 
velocity = 6 rad/s, while at the same instant the arm 
is rotating upward at a constant rate <02 - 4 rad/s. If the 
conveyor is running at a rate r = 5 ft/s, which is 
increasing at r = 8 ft/s 2 , determine the velocity and 
acceleration of the package P at the instant shown. 
Neglect the size of the package. 


& ~ w t ~ {6k> rad/s 



co { = 6 rad/s 


y <a 2 = 4rad/s 


= y 0 = *0 = 0 

{41} nd/s 


= 0 

■>/o = {4.243} + 4.W3k} ft____ _; 

( v eu>)*rt — (jwe)x?t + Qj*® x r rfo — - - ■ • 

= (5 cos45«J + J sin45°k) + (41) x (4J243J + 42431c) 

= (-13.44) + 20.51k} ft/s 
= 8cos45 0 } + Ssin45°k - 96.J8J - 39.60k 

= {-90.52} - 33.945k} ft/s 2 
v, = v 0 + a x r, /0 + (v wo ),„ 

= 0 + (6k) x (4.243} + 4.243k) + (-13.44} + 2051k) 

V = f-25-3« - 13.4} + 20.5k} ft/, Ans 

«, = a e + Q x r wo + n x (O X r„ a ) + 2Q x (y, / 0 ),„ + (, w ) w 

~ 0 + 0+(6k ) x [(6k ) x( 4 .243j +4.243k) ] 4- 2(6k) x(— 13.44}+20. 51k)+(—90,52}—33.9 45k) 


= -152.75} + 161.231 - 90.52} - 33.945k 
», = {1611 - 243} - 33.9k} ft/s 2 Ans 


*•] HIM MlIK II PH I [Cl I 




20-43..The particle P slides around the circular hoop 

with a constant angular velocity of 8 = 6 rad/s, white the 
hoop rotates about the x axis at a constant rate of o> = 
4 rad/s. If at the instant shown the hoop is in the x-y 
plane and the angle 9 = 45°, determine the velocity and 
acceleration of the particle at this instant. 



/ <o i = 4 rad/s 


Relative to XYZ, let xyz have 


£l=o}= {41}rad/s, £1= a) =0 (£1 does not change direction relative to XYZ.) 


To =0; v 0 = 0; ao = 0 


Relative to xyi, let coincident Xyi have 










*20-44. At the given instant, the rod is spinning about 
the z axis with an angular velocity cvj = 8 rad/s and 
angular acceleration on — 2 rad/s 2 . At this same instant, 
the disk is spinning at a constant rate on = 4 rad/s, 
measured relative to the rod. Determine the velocity and 
acceleration of point P on the disk at this instant. 



Coordinate Axes : The rotating x, y, z frame and fixed X. Y, Z frame are set with the origins at point A and O 
respectively. 

Motion of A : Here, r, changes direction with respect to X, Y, Z frame. The time derivatives of r, can be 
found by setting another set of coordinate axis x', y\ z' coincident with X.Y.Z rotating at ft = to, 

= {8k} rad Is and ft = to, = {2k} rad/s 2 . Here, r^, = {3i- lj + 1.5k} ft. 

=«a = +ft *r A = 0 + 8kx (31 - 1J+ 1.5k) = {8i + 24j} ft/s 

»a = =[(rx) jW +ft 'x{r A ) l> ...]+ft'xr^+ft 'xr, 

= (0 +0) + 2kx (3i - lj+ 1.5k) + 8k x (8i + 24j) = {-1901 + 70j} ft/s 2 

Motion of P with Respect to A : leixyz axis rotate at ft,,. = to, = {4j} rad/s and ft,,,. = to, =0. Here. 
r W A={»}ft 

=(r, M ) lrt +ft ln xr, M = 0 + (4j) x( II) = {-4k} ft/s 

(“wa h, z ~ *»* = [(*«* ),„ +n„z x (r«A ),„]+x r PIA + ft,,, x r, M 

_= 0 + 0 + 0-t -(4J)x(-4k) = {-161) ft/s 2 _ 

Motion of Point A : Here, ftsto, ={8k} rad/s and ft = to, = {2k} rad/s 2 . Applying Eqs. 20-11 and 
20-12', we have 

v, = v,+Qxr m + (v m = (81 + 24j) + 8k X 11 + (-4k) = {8.001 + 32.0j-4.00k} ft/s Ans 

a, = »a + ft x r„ A + ft x (ft x r m ) + 2ft x (v, M ),„ + (a, M ),„ 

= (-1901 + 7Qj) + 2kx ll + 8kx(8kx 11) +2{8k) x(-48t) +(-161) = {-270i + 72.0j} ft/s 2 


Ans 














= {-56i+2. lj} m/s' 


Ans 













20-46. At the instant shown, the base of the robotic arm 
is turning about the z axis with an angular velocity of 
a), = 4 rad/s, which is increasing at a>i = 3 rad/s 2 . Also, 
the boom segment BC is rotating at co BC - 8 rad/s, which 
is increasing at a>« c — 2 rad/s 2 . Determine the velocity 
and acceleration of the part C held in its grip at this 
instant. 


0.7 


B 

gl ^ rac ^ s 




6l>i = 4 rad/s j 
COj =3 rad/s 2 


Relative to XYZ , let xyz with origin at B have 

£2 = {4k} rad Is, Cl = {3k} rad/s 2 (£2 does not change direction relative to XYZ.) 

r 8 - {0.5k} m (r B does not change direction relative to XYZ.) 

\ B =0 
a s = 0 

Relative toryz. lei ooinddenl .r' y z' have origin at B and have 

£2„. = {8j} rad/s, £2,,, = {2j} rad/s 2 (Cl does not change direction relative to jcyz.) 
(r c/8 ), v , = (0.71} m (Q does not change direction relative to xyz.) 

(W „1 =( r c/s) j t *(* 7 *)^ =0 + (8j)x(0.71) = {-5.6k} m/s 


( a c;s)iy: - j = (rc/a *) . 


+ £2 (y2 x[rc,t 1 . + 


n, y£ x^r C /ij 


+n„z x 


= 0+ 0 + (2j)x (0.71) + (8j)x (-5.6k) = {-44.8i- 1.40k} m/s 2 
Thus, 

v c ” v$ + CYxtcib + ( v c/a)i)>t — 0 + (4k )x (0.71) + (—5.6k) 

' = {2.80j - 5.60k} m/s Ans 

ac “ a B + X Tq/B + x X Tq/B ^ + 2X2 X (v c/B + ( a C/B )xy* 

= o + (3k) x (0.71) + (4k) x [(4k) x (0.7i)] 

+2(4k) x(-5.6k) -44.8i- 1.40k 
- i-56t _ -F"2. 1; 40k} m /s 2 -Ans- 











D.e 












21-1. Show that the sum of the moments of inertia of a 
body, / rr + l yy + /. z ,is independent of the orientation of 
the x, y, z axes and thus depends only on the location of 
the origin. 

A, +/,> + 4 =j m (y‘ + z z )dm+f m (x 1 + z 2 )dm+l"(x 2 + S)dm 

~ 2 j n 0c 2 +f+z 2 )dm 


However, r + y +z = r , where r is the distance from the origin O to dm. Since 
Iri is constant, it does not depend on the orientation of the x, y, z axis. Consequently, 
4 +/ v v +4- is also indepenent of the orientation of the x, y, z axis. 


21-2. Determine the moment of inertia of the cylinder 
with respect to the a-a axis of the cylinder. The cylinder 
has a mass m. 



The mass of die differential element i dm « pdV- p( xo 2 ) a f y- 
<Utt ■» $dma 2 + dm(y 2 ) 

= 4 [p( “a 2 ) 4y jo 2 +[p( Jtn 2 ) rfyjy 2 





21-3. Determine moment of inertia I y of the solid 
formed by revolving the shaded area around the x axis. 
The density of the material is p = 12 slug/ft*. 


y 



k - 4 ft—— 


Tfcenussof the dlfferentui element isfoi«prfK= pfjtpjFdr — pitxdx. 


dl } = \drny 1 + dmx 1 


“ ilpxxdx](x) + (ptadx)x* 


= P*Cj* 2 + x 3 )dx 


A = (^* 2 + x 5 )dr = 


69.33 np 


-” 69.33(rp(12) =■ 2614 slug -It 2 - 


4 



'yv.elaQlucionario.net 










*21-4. Determine the product of inertia l xy of the body 
formed by revolving the shaded area about the line 
x = 5 ft. Express the result in terms of the density of the 
material, p. 


£ 3 = p2xf’ (5 - x)y dx = pln^ VS-x)JTxdx = ttApn 


3 ft- 



f a ydm = p2tcj^(5-x)ydx 
= pnj*(.5-x)(3x)dx 


-- 40.5 pn 

Thus, = 1.Q55 ft 

38.4ptr 


The solid is symmetric about y', thus 

/„■ = 0 


hy = hy‘ + XVm 


3 S 




0 + 5(1.055)(38.4pjr) 


lxy = 636p A ns 













21-5. Determine the moment of inertia I y of the body 
formed by revolving the shaded area about the line 
x = 5 ft. Express the result in terms of the density of the 
material, p. 


!y ' ~ C \ dmrl - ^ m ')< 2 ) 2 

f! 1 , , l f3 


l~2 dmrl = 2 I 

• H „( i_ t)‘« 



= 490 .29 p it 
m = p n (2) 2 (3) = 12pjr 

ly = 490.29 pit - i(12 p ?r)(2) 2 = 466.29 pn 
Mass of body; 
m = J p K (5~x) 2 dy - m' 

= £pn(S-£) 2 dy- 12 p n 

= 38.4 p it ------~ 

f y = 466.29 pn + (MAp *)(3f " - 

= 1426.29 p n 

I y = 4.48(10 3 )p Anj 

Also, 

Iy = r 2 dm 

= jj(5 -x) J p(2jr)(5 - x)y dx 

= Ipn \\5-xfOx) tn dx 

J o .... .. . .. 

= "486. 29 p it 

.3 

n = I am 
J o 

= 2p it f (5 -x)ydx 

= 2pitl\s-x)(3x) ln dx 
J o 

= 38.4p* 

l y = 466.29p k + 38.4pff(5) 2 = 4.48(10 3 )p 


J 3 


3ft J 



c: 

;_ 

2 

Pv - 


n 

t= 

—: 

ha 

ft 


* x )' 
; iaf: 


n’mi'Hi w*i i» s»i l-. 

















*21-8. Determine the radii of gyration k x and k y for the 
solid formed by revolving the shaded area about the y axis. 
The density of the material is p. 



For k, : The mass of the differential element isi»i»pdV»p(sx 2 )<fy = ps4j. 

dt, = \dmx* = £[p*0]( £) « |P*£ 
l, = jdl, -|p«£ j3 ^+^[p(«K4) 2 (0.25)](4) 2 
= 134 . 03 p 

However, m = J <*«=■psj^^+p[»( 4 ) 2 ( 0 . 25 )]«= 24 . 35 p 

IF J 134 . 03 p 

HeDce ’ fe 

For k, : 0.23 ft<yS 4ft 


24.3Sp 


2.35 ft 


A ns 



dT„ - \dmx l + dmy* 

= 4 [p*$]( ji) + ( P*0) 

£ “ J>. = P<„ ( £ + 0 <*>”= 28-»P 4 

£ - }[pji( 4 ) 2 ( 025 )]( 4 ) 2 +[p»( 4 ) 2 ( 025 )]( 0 . 125) 2 

_= S0.46p 

4 =/'+/; = 28 . 53 P+ 50 . 46 p - 78 . 99 p 


Hence, 


« y 


78.99p 


2435p 


1.80 ft 


Ans 


21-9. Determine the mass moment of inertia of the 




Hence, 




Ans 







21-10. Determine the elements of the inertia tensor for 
the cube with respect to the x,y,z coordinate system. The 
mass of the cube is m. 



<%o - +«*) 

4c - J"p(a 2 ) 

O 0 

= ^a*(pa 3 ) 


4 - 4 = 4 = + m[(|) J + (|) 2 1 = |ma J 

4, = 0 + m(-~)(|) = —me 2 
4* ” 0 + «(|)<|> = j^ 2 




4, * 0 + > “mo* 11 

Changing the signs of tbe products of inertia as represented by the equation in the test, we have 


■fmc 3 Jmc 2 r m 
J-ma 2 fma 2 -4-a 
J-ma 2 -Jaw 2 |m 


21-11. Determine the moments of inertia about the 
x, y, z axes of the rod assembly. The rods have a mass of 
0.75 kg/m. 


/, = 1[0.75(4)](4) 2 +1[0._75(2)](2) 2 = 4. 50 kg ■ 
4—Y^ ^0 . 7 -S(4)j<4)- 2 -- i- -jL||(L?5 (2)] (2cos 3 0°) 1::: 4.38kg 
4 - n+ -!-[0 .7 Sf2')j(2sin30°) ; =0.125 kg' m 2 _ 















*21-12. Determine the moment of inertia of the cone 
about the z' axis.The weight of the cone is 15 lb, the height 
is h = 1.5 ft, and the radius is r = 0.5 ft. 


Ililr 






mm 


e - un l (^> = 18.43* 

/„ = 4, = [|;m{4<0.5) 2 + (1.5) 1 )! + mll.3-(~)] 2 
= 4, = 1.3875 m 

4 * = 0.075m ’ 

4, = 4. = t - 0 

Using Eq. 21-5. 

W “ * * 4 > 4 » + 'Zthl 

« o + [cos(108.43*)] 2 (1.387Sm) + [cos(18.43*)] 2 (0.07Sm) 


= 0.2062m 


W = 0.2062(-^-) = 0.0961 slug-ft 2 Ans 


21-13. The bent rod has a weight of 1.5 lb/ft. Locate the 
center of gravity G(x, y) and determine the principal 
moments of inertia /, ,7 y , and / z . of the rod with respect - 
to the x’,y\ z' axes. 


Due to symmetry y = 0.5 ft 


. £ xW (-l)(1.5)(l)+2[(-0.5)(1.5)(l)]_ 


= -0.667 ft Ans 




= 0.0272 slug ft 2 


@-“ 1 ’ 




= 0.0155 slug- ft 2 






= 0.0427 slug ft 2 


ITA’i’A'i’ t+VH 













21-14. Determine the moment of inertia of both the 
1.5-kg rod and 4-kg disk about the z' axis. 


300 mm 


Due to symmetry 


hy - lyi — 4* = 0 


h = 4 =[i(4)(0.1) 2 -t-4(0.3) z J + |a.5K0.3) 2 



= 0.415 kg m 2 


4 = ~(4)(0.1) 2 = 0.02 kg m 2 


u z =cos(18.43°) = 0.9487, u, =cos90° = 0, 


u x = cos(90° + 18.43°) = -0.3162 


4 ' = 4 u 2 +4 + 4 u z ~ 24 , u x u y - 2 l yl u,Uf - 2l xx u, u x 

= 0.4l5(—0.3162) 2 + 0+ 0.02(0.9487) 2 - 0 - 0 -0 


= 0.0595 kg- m 2 


21*15. Determine the moment of inertia l x of the 
composite plate assembly. The plates have a specific' 
weight of 6 lb/ft 2 . — — Ht 



Horizontal plate ' 




Vertical plates: 

4,- - 0.707, 4 ,. = 0.707. 4 ,, = 0 


* 



| Jo.25 » W . * <H*1 . 

TEJlP * <X01235 - 


Uiing Eq. 21-5, 


4* = (0.707) 2 (0.001372) + <0.707) 2 (0.01235) 


4, = 0.0155 + 2(0.00686) = 0.0292 slug-ft 2 Ana 


*21-16. DeteFtnme^ ^ 

” composite plate assembly. The plates have 

6 lb/ft 2 -_ 


Due to symmetry, 

4, * 0- 

















21-17. Determine the moment of inertia of the composite 
body about the aa axis. The cylinder weighs 20 lb, and each 
hemisphere weighs 10 lb. 


« 0.707 


- 0.707 



41 * 2 ( aB )(1)2 * 2 r<<^)a>* 


0.5590 slug ft 2 


= 12 ( 312 )f3a)2 + (2)l J + 2 f°-259(—-)(l) 2 + 10 

312 3Z2 8 ’ 1 

4» “ * 1-6975 slug fit 2 

L. - 0 + (0.707) : ( 1.6975) + (0.707) 2 (0.559) 

« * 1-13 slug ft 2 Arts 


21-18. Determine the moment of inertia of the rod-and- 
thin-ring assembly about the z axis. The rods and ring 
have a mass of 2 kg/m. 

For the rod, 

u x - = 0.6, uy = 0, «;• = 0.8 


/,- =- j((0.5)(2)J(0.5) 2 = 0,08333 kgro 2 


4v = W = hr = 0 


From Eq. 21 -5, 



/. = 0.08333(0.6) 2 + 0 + 0- 0- 0- 0 


4 = 0.03 kg m 2 


For the ring. 


sur} 

'frit,- 


The radius is r - 0.3 m 


4 = mR 1 = f2(2ir)(0.3)](0.3) 2 = 0.3393 kg- m 2 


Thus the moment of inertia of the assembly is 
4 = 3(0.03) + 0.339 = 0.429 kg- m 2 


f- 5 »/JO.fm a £ 
—.&;3m- 






21-19. The assembly consists of a 15-lb plate A, 40-lb 
plate B. and four 7-lb rods. Determine the moments of 
inertia of the assembly with respect to the principal x, y, 



Due to symmetry 


y-x = 0 


^ £ zw 4(15)+0(40)+ 2(28) 

Z ~ 15 + 40 

= 1.3976 ft 

h. “ (f;)upper H" (Aliou'er + (A)rods 

4G§)<»^G£)«> ! 

+ 4 .72 (32^) (3 *" (32I2) <2 '"' ) "^ 

/, = 16.3 slug • ft 2 

A — (A )upp<rr (A)lower "f* (A)rods- I + (AO rods-: 


+2 [i (sn) (4 »’] + 2 [n ( 512 ) 15 , 1 + ( 511 ) <'H 


l x — 20.2 slug • ft 2 


And by symmetry, 



c °s-'(5 ; 


A- = 20.2 slug - ft 2 A ns 
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*21-20. The bent rod has a mass of 4 kg/m. Determine 
the moment of inertia of the rod about the Oa axis. 


k, =[4(1.2)](0)(0.6) + [4(0.6)](0.3)(1.2)+[4(0.4)](0.6)(1.2) = 2.016 kg nr 
!„ =[4(1.2)](0.6)(0)+[4(0.6)](1.2)(0)+[4(0.4)](1.2)(0.2) = 0,384kg- m 2 
4. =[4(1.2)](0)(0) + [4(0.6)](0)(0.3) + [4(0.4)](0.2)(0.6) = 0.192 leg. m 2 

h =^[4<1.2)](1.2) 2 +[4(0.6)](1.2) 2 + ^[4(0.4)](0.4) 2 + [4(0.4)](1.2 2 + 0.2 2 )j 
= 8.1493 kg- m 2 

l, = 0+ i[4(0.6)](0.6) 2 +[^[ 4 (°.4)] (0.4) 2 +[4(0.4)](0.6 2 + 0.2 2 )| 

= 0.9493 kg m 2 

k = ^[4(1.2)](1.2) 2 + ^[4(0.6)](0.6) 2 +[4(0.6)](0.3 2 + 1.2 J )j+[4(0.4)](l.2 2 + 0.6 2 ) 
= 8.9280 kg m 2 

0Ci ' 0.6i+1.2j + 0.4k 3. 6, 2, 

Ob = 1 r . 1 . = z- 1 + -j + 

Vo. 62 + 1.22 + 0.42 7 7 7 

?Oa “ 4 Wg + ly Uy + /j " 21 xy Uj Uy ~~ 21 y t Uy Uj| 2JfJ- Uj 


z 




= 8.1493(2) 2 +0.9493^) 1 + 8.9280^) Z -2(2.016)^j^j 




~ 2(fr38 4 ) f | ¥ 3 N | - 2(0 :192) f | Y 3 ' 


1.21 kg- m 2 


A ns 
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21-21. If a body contains no planes of symmetry, 
the principal moments of inertia can be determined 
mathematically. To show how this is done, consider the 
rigid body which is spinning with an angular velocity at, 
directed along one of its principal axes of inertia. If the 
principal moment of inertia about this axis is /, the 
angular momentum can be expressed as H - lot = 
Io ) x i + Io)yj + lco z k. The components of H may also be 
expressed by Eqs. 21-10, where the inertia tensor is 
assumed to be known. Equate the i, j, and k components 
of both expressions for H and consider a >„ w y , and ia z to 
be unknown. The solution of these three equations is 
obtained provided the determinant of the coefficients is 
zero. Show that this determinant, when expanded, yields 
the cubic equation 

P - (/„ + I yy + I ZZ )I 2 + (l x J yy + I yy l zz + l zz I xx 

~l\y ~ Pyz ~ l\x)I ~ UxxIyylzz ~ ^Ixylyzhx 

~IxxPyi ~ lyyPzx ~ hzfzy) ~ 0 

The three positive roots of /, obtained from the solution of 
this equation, represent the principal moments of inertia / t , 
I y , and 4- 



The three positive roots of l, obtained from the solution of 
this equation, represent the principal moments of inertia /„ 
I y , and 4 . 



H = /ty=/ayi+/oyj + /ai.k 


Equating the i, j, k components to the scalar equations (Eq. 21-10) yields 


(/„ -Dm,-DyOt,-h.co, =0 

-I,, at, + (/, y - D ot, - l yt ^ = 0 Expanding 


-l-L at - k , OK + (4 -DOj- 0 
Solution for ay, ay, and ay requires 


+ /»)/*»(/„/>, +l„t u +U.x -lx, -&- ■ &)/ — 

— (jxxlyyhz “ 2J xy I yl I z x “Ixxlyz ~ lyy^zx ~ lyzhy ) “ 0 QED 


l(l,x -I) -lx, 
-l,x ( lyy-l) 


~lxz 

-lyz 

Vzz-l) 
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21-22. Show that if the angular momentum of a body is 
determined with respect to an arbitrary point A, then HU 
can be expressed by Eq. 21-9. This requires substituting 
Pa - Pa + Pa /a into Eq. 21-6 and expanding, noting that 
fpc dm = 0 by definition of the mass center and v G = 
v A + cox p a/A . 

= CL P A ^ m 'j xy * + £pa x (® x Pa jUm 

= {L { Po+pa.c)dm jx\ A + £ (p c + Pgm )x[<ux (p a + p 0 , A )]dm 

= (J„ pa(im ) x V/l xv A )j^dm + j p c x(Q)Xp 0 )dm 

+ (L Podmjximx p G , A ) + PciA x(e»x£ p G dm j+p CIA x(a>xp ClA )j dm 
Since £ p a dm = 0 and from Eq. 21-8 H c = £ p a x ( a>xp c )dm 
Ha = (Pg/a X v A )m + H g+Pca x (<a>x p c/A )m 


X 


— Pc/a x (v A +(a>xp ol A ))m + H a 

- (Pa a x mv a ) + H G Q.E.D. 


21-23. The 2-kg gear A rolls on the fixed plate gear C. 
Determine the angular velocity of rod Off about the z axis 
after it rotates one revolution about the z axis, starting from 
rest. The rod is acted upon by the constant moment 
M = 5N-m. Neglect the mass of rod OB. Assume that gear 
A is a uniform disk having a radius of 100 mm. 




<o os ■ ® A tanl8.43° - 0.3333® A 
4 = i(2)(0.1) J = 0.01kg m 2 
4- j-(2)(0.1) 2 +2(0. 3> 2 = 0.1 85 leg-m 2 

r l +-m l _ 2 ~:T 1 - 

0+ 5(2^=i(0.01)a^ +r(0.185)<Ho» 
Solving Eqs.(l] and [2] yields : 
cd oi = 15.1 nd/s A ns 


111 
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*21-24 Rod AB has a weight of 6 lb and is attached to two 
smooth collars at its end points by ball-and-socket joints. If 
collar A is moving downward at a speed of 8 ft/s, determine 
the kinetic energy of the rod at the instant shown. Assume 
that at this instant the angular velocity of the rod is directed 
perpendicular to the rod’s axis. 


z 



V, -{-8k} m/s ▼, «v,l a>„* -® Jt l+<a ( J + a),k 


r,i* *{21 + 61 - 

3k} m 

r ou ’ 

V, =V,+<B XJ 

Xr B/A 



i 

J k 


v,l = -8k + 


to, a. 



2 

6 -3 


Equating 1, J aid k components 

-3t», -6t», i 


r 

Ill 

3a> J ,+2t», = 

0 


(21 

6 to, -2o>, - 

8 = 

0 

[31 

Since a At 




“«•'»« “(o),l + a»,J+t» t k) 

201, + 6o>, - 

3<u, 

t —0 

[4] 


Solving Eqs.[l] to [4] yields : 

<o x = 0.9796 rad/s a> 7 = -1.0612 rad/s 0 ), = -1.4694 rxi/s 

v, = 12.0 ft/s 

Hence 0 > At ~ {0.97961 -1.061?}- 1.4694k} rad/s *, -{12.01} ft/s 
*o“*,+0)«xr CM 

k 


‘ J 

-8k+j0-9796 -1.0612 
1 3 


-'hi 


~ .~..~ ..~.• ---- ------ {6.01 -4.0k} fVs ----- 

0>l, = 0.9796 2 + (-1.0612) 2 + (-1.4694) 2 - 4.2449 

* 5 = 6 * + 4*-52 
r= + 

= K sfl) (52) + ^ ( jfj) (V2 2 + 6» + (-3) 2 ) I J(4.2449) 
= 6.4596 = 6.46 ft lb A ns 

21-25. At the instant shown the collar at A on the 6-lb rod 
AB has a velocity of v A = 8 ft/s. Determine the kinetic 
energy of the rod after the collar has descended 3 ft. Neglect 
friction and the thickness of the rod. Neglect the mass of the 
collar and the collar are attached to the rod using bail-and- f 

socket joints. - - 


z 


! 

J 8 

tl 

ft/s 

& 

L Front Prob. 21-32. 

3 

ft 

T, = 6.4596 ft lb 



>v7ft ." " ..““ ~ " • -- - • -— — - .-.. 

X + V, = ^ + Vj 

X 

"X. /l / 6.4596 + 6(1.5) = T, + 0 

T V/y" i 

5 - 15.5 ft lb An* 

— 6 ft- -JT 
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21-26. The cone has a mass m and rolls without slipping 
on the xonical_surfacfi.^o. that iLhasan angular-velocity 
about the vertical axis of to. Determine the kinetic energy 
of the cone due to this motion. 


fti.ru, 

T ~ T 






T =\’M + \i y <4+\iM 



- 5 [(|)« (r 2 ^)]ai = ^[ 3 ^ + |,» + 6 / 1 2 ] 


T = 


9 mh 2 
20 



A ns 



21-27. The rod weighs 3 lb/ft and is suspended from 
parallel cords at A and B. If the rod has an angular 
velocity of 2 rad/s about the z axis at the instant shown, 
determine how high the center of the rod rises at the 
instant the rod momentarily stops swinging. 



r, -*■ v, * t 2 + Vj 

5*37 *** — + " 

1 1 (6) a (2)» 
ft “ 24 g = 2* (3222) 

A - 0.1863 ft - 2.24 in. Am 
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*21-28. The 5-kg disk is connected to the 3-kg slender 
rod. If the assembly is attached to a ball-and-socket joint 
at A and the 5-N • m couple moment is applied, determine 
the angular velocity of the rod about the z axis after the 
assembly has made two revolutions about the z axis 
starting from rest. The disk rolls without slipping. 



4=4 = ^(5)(0.2) 2 + 5(1.5) s +i(3)(1.5) 2 = 13.55 


/,■ =-(5)(0.2) 2 = 0.100 


6> = -GK j + o*k = -o*j’ + a*sin7.595°j‘ + a*cos7.593 <> k' 




= (0.13216a* -+ 0.99123a* k' 
Since points 4 and C have zero velocity. 


V C = V„ +fljxr C M 


0 = 0+[(0.1321604. -a* )j' + 0.99123a*k']x(1.5j' -0.2k’) 
0 = -1.48684a* - 0.026433a* + 0.2a*,- 


a*- = 7.5664a* 


A 7sn° c : 


a>=-7.4342a*j' + 0.99123a*k' 
7i +ZC/,. 2 =7) 


0 + 5(2x)(2) = 0+i(O. 100)(-7.4342a* ) 2 +j(13.55) (0.99123a*) 2 


a* = 2.38 rad/s 


HIM 



A '4j 
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21-29. The 5-kg disk is connected to the 3-kg slender 
rod. If the assembly is attached toa ball-and-socket join t 
at A and the 5-N-m couple moment gives it an angular 
velocity about the z axis of a> z = 2 rad/s, determine the 
magnitude of the angular momentum of the assembly 
about A. 



4 = h = ^(5){0.2> 2 + 5(1.5) 1 + i(3K1.5) 2 = 13.55 
4 = — (5)(0.2) 2 = 0.100 

<y= -ok j’ + a* k = --ay j’ + a* sin7.595°j' + o*cos7.595°k' 
= (0.132160. - oy)j' + 0.99123o*k' 


Since points A and C have zero velocity. 

. —*e ~*a ..-....—..—...- 

— 0 = 0 +{(0.13216a*- to, d .+ 0.99l23a*k'}x< 1.5j' -0.2k')- 

0 = -1.48684a* - 0.026433a* + 0.2a*,. 
a* = -7.5664a* 

Thus, 

co= -7.4342o*j' +0.99123a*k' 

Since o* =2 rad/s 
o) = -l4.868j' + 1.9825k' 

So that, 

Ha = h oh i’ +/, 0* j+4 a* k' =0+0.10Q(-I4.868)j' +13.55(1.9825)*' 
= -1.4868j' + 26.862k' 

Ha = h -1 4868) 2 + (26.862) 2 = 26.9 kg ■ m 2 /s Ans 
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21 - 30 . The circular plate has a weight of 19 lb and a 
diameter of 1.5 ft. If it is released from rest and falls 
horizontally 2.5 ft onto the hook at S, which provides a 
permanent connection, determine the velocity of the mass 
center of the plate just after the connection with the hook 
is made. 





2.5 ft 


Conservation of energy: 

Tj+V.-JJ + V* 

0+19(Z5)-Ksfe)( v o>2 + 0 
(v 0 ), = 12.69 ft/s 

Conservation of momentum about pointO: 

(Ho), « [-( *&) (12.69)(0.75)]i = {-5.61531} slug -ft 2 /s 
4 = [K 5 &) (0-7 5) 2 + ( 5 &) (0.75) 2 ] - 0.4149 dug- ft 2 

^JS) 0 - 75 ^ 008298 ^ 112 

4 - [K 5&) (0.75) 2 + ( 5fe) (0.75) 2 ] « 0.4979 dug • ft 2 
(Ho), = /,a>,i+/,a>,j+4a>,k 

- 0.41490), 1+0.08298a), j+0.4979a>, k 
(H 0 ) 2 =(Ho), 

-5.61531 - 0.4149a>,i+0.08298a>,j+0.4979a>,k 

Equating!, j and k components 

-5.6153 = 0.4149a), a), *=-13.54 rad/s 

0 = 008298a), __B), =0_____ 

0-0.4979a), <», =0 

Hence a) » {-13.541} rad/s 


T o = 0 )xr o/o 


(-13.541) x(0.75j) 
{-10.2k} ft/s 


Ans 












21-31. The 2-kg thin disk is connected to the slender rod 
which is fixed to the ball-and-socket joint at A. If it » 
released from rest in the position shown, determine the 
spin of the disk about the rod when the disk reaches its 
lowest position. Neglect the mass of the rod.The disk rolls 
without slipping. 



/, =I Z =1(2)(0.1 ) 2 + 2(0.5^=0.505kg- m 2 


..t £ ^(2) j0.1 ) 2 = 0:01kg - nr.. 


\ < Jr J * > 

. /w&c . 


o)= a), + 0 i' = -ovj + oi sinl 1.31°j + ovcos 11.31°k 


= (0.19612a* - a, )j + <0.980580* )k 


z<9.rf)u 


Since v A = v c = 0, then 


Vc = V A + 0)X ten 




0 = 0+[(0.19612(11 - 0 ),,)} + (0.98058fii)k]x(0.5j-0. Ik) 
0 = -0.0196120*- +0.1 ox, -0.49029a*- 




N. 3 1° Ht 


PA b 0 rv% 


a*- =0.196120V 


_Thus. 


<a= -0.96154ovj +0.19231a* k 


h, =0.5 sin41.31° = 0.3301 m, h 2 = 0.5 sinl8 69° =0.1602 ra 


T\ +M =r 2 + vi 


0 + 2(9.81)(0.3301) = [o+|(0.01)(-0.96154ov) 2 + 1(0.505)(0. 192310V ) 2 ]-2(9.81)(0.1602 


= 26.2 rad/s A ns 









*21-32. Rod AB has a weight of 6 lb and is attached to 
wo smooth collars at its ends by ball-and-socket joints 
If collar A amoving downward with a speed of 8 ft/s 

* _ " Z ~ 3 ft ’ determine the speed of A at the instant 
z 0. rhe spring has an unstretched length of 2 ft 
Neglect the mass of the collars. Assume the angular 
velocity of rod AB is perpendicular to its axis. 


z 






« {~8k} ft/» 

“ v,l 

r, M - {21 + 6J - 3k} ft 


Hanro. since at is directed pctpmuttcadv to 


dM mis of the rod. 


T t m i/«» + 



2a>, + 6<», - 3d). = 0 (4) 

_ Solving Eos. (0-14} yields _ 

a> x = 0.9796 rad/s 
a>, « -1.061 nd/s 
<B, m — 1.469 rad/s 
Thus, 

<B «= /(0.9796) 3 + (—1,061)* + (—1.469)* « 2.06 rad/s 

- U m . .r A + V x tm. --- 


-v s “ «<», - 3.60560), 

• - P 


T a* = 2 T,U “ 2 <2 * + ® J “ 3k) ft 


3.60560), + 6fl), — 0 
Solving, 

« 0 

v » - 0(loc*aon at 1C) 
y A » 13.5900), 

®, - -1.6640), 

v<s - v, + o) x _ 

4 —kj 


▼o ■ O + j—1.664 1 0 

I—1.803 -3 of 


*) - {6.7950), k} ft/s 


I I J k 
T„ = -8k + 0.9796 -1.061 -1 

II 3-1.3 

v* ■ {5.9985T - 4k} ft/s 


l, 6 


5 “ 2 ( 32^ )(<S ' 795 “)^ + 1.664®,) 3 + a ; } 


- 10.304 

0 ), - _ 


1-34 rad/s 













21-33. The circular disk has a weight of 15 lb aad is 
mounted on the shaft AB at an angle of 45° with the 
horizontal. Determine the angular velocity of the shaft 
when r = 3 s if a constant torque M = 2 lb • ft is applied 
to the shaft. The shaft is originally spinning at 
cay — 8 rad/s when the torque is applied. 


0.8 ft ^ 


to, = 8 rad/s 



Due to symmetry 

= 4x “0 

4 - 4 = i( rfe) <°- 8 >* “ 0 07453 dug 
4 . l ( ;12j) (0.8 ) 2 = 0.1491 slug ft 2 
For x* axis 

u x = cos 45° - 0.7071 u, - cos45° = 0.7071 
u ; = cos 90“ = 0 

4 . = 4 ^ + 4 ^ +4^-24, 

= 0.1491(0.7071) 2 + 0.074S3(0.7071) 2 + 0— 0— 0—0 
= 0.1118 slugft 2 

Principle of impulse and momentum 

0.1118(8) + 2(3) «= 0.1118 0)2 

«, = 61.7 rad/s A “* 



AY 


21-34. The circular disk has a weight of 15 lb and is I 
mounted on the shaft AB at an angle of 45° with the 
horizontal. Determine the angular velocity of the shaft 
when t = 2 s if a torque M = (4e 01f ) lb • ft, where t is in 
seconds, is applied to the shaft. The shaft is originally 
spinning at toj = 8 rad/s when the torque is applied. 


0.8 ft 


a), = 8 rad/s 



Due to symmetry 

”4« “4* “0 

^ “4 “Krrfa) (0.8) 2 = 0.07453slug-ft 2 
4 “if ife) (o^) 2 - ai4«i stag. 


For x' axis 


= cos45° = 0.7071 


“ cos 90° = 0 


u , ”Cos45“ = 0.7071 



* v +4^-24,^^ 

= 0.1491(0.7071) 2 + 0.07453(0.7071) 2 +0- 0-0- 0 


= 0.1118 slug ft 2 


Principle of impulse and momentum 
(*4-), +2/44. dr =(77,.), 


011 1«(«) +J?4e°- , '*= oilis®. 
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21-35. The 15-kg rectangular plate is free to rotate about 
the y axis because of the bearing supports at A and B. 
When the plate is balanced in the vertical plane, a 3-g 
bullet is fired into it, perpendicular to its surface, with a 
velocity v = {—2000i} m/s. Compute the angular velocity 
of the plate at the instant it has rotated 180°. If the bullet 
strikes comer D with the same velocity v, instead of at 
C, does the angular velocity remain the same? Why or 
why not? 



Consider the projectile and plate as an entire system. 
Angular momentum is conserved about the .48 axis. 

(His), = —(0.003)(2000)(0.15)j = {-0.9J} 

(HUsh = (H^h 
—0.9j = I x <o x i + / v t» v j + /- co, k 
Equating components. 

Cl). t = 0 

ft); = 0 

-0.9 


^(15)(0.I5) 2 + 15(0.075j 2 


—8 rad/s 


r, + v, = t 2 + v 2 

t 


12 


(I5K0.15) 2 + 15(0.075) 2 


(8) 2 + 15(9.81)(0.15) 


(15K0.15) 2 + I5(0.075) 2 




A -T— 

ZTT— 

_g 


-1- 



0.075 m- 




Datum 


co a ii = 21.4 rad/s 


Ans 


If the projectile strikes the plate at D, the angular velocity is the same, 
only the impulsive reactions at the bearing supports A and 8 will be 
different. 



*21*36. The rod assembly is supported at G by a ball- 
and-socket joint. Each segment has a mass of OJ kg/m. 
If the assembly is originally at rest and an impulse of 
1 = (-8k) N s is applied at D, determine the angular 
velocity of the assembly just after the impact. 



Moments and products of inertia: 


/„ =^[2{0.5)](2) 2 + 2[0.5(0.5)](l) 2 =0.8333kg- m 2 
4 r = ~[1(0.5)](1) 2 = 0.04166 kg m 2 

/„ = ^[2(0.5)](2) 2 + 2^[0.5(0.5)](0.5) 2 +[0.5(0.5)](l 2 +0.25 2 )j 


= 0.875 kg- m 2 


■ky = [0.5(0.5 )]<-0.25)( l)+[0.5(0.5)](0.25)(-1) = -0.125 kg.m 2 


From Eq. 21-10 

H, = 0.8333og + 0.125m, 

H, = 0.125eg + 0.041660}, 
tf. =0.8750^ 

(H c ),+lJ' s M 0 dr=(H <3 ) 2 

0+{-0.5i + lj)x(-8k) = (0.833304 + 0. 125m, )i+ (0.125ms, + 0.04166ak)J+0.875fflkk 
Equating i, j and It components 

-8 = 0.8333og + 0.125«k.(1) - . . - 

-4 = 0.125m, + 0.04166ok (2) 

0 = 0.875O* (3) 


Solving Eqs.(l) to (3) yields : 

co, = 8 .73 rad/s 0 * =-122 radfs 04 = 0 


£0= {8.73T-1 









21 - 37 . The 15-lb plate is subjected to a force F = 8 lb 
which is always directed perpendicular to the face of the 
plate. If the plate is originally at rest, determine its angular 
velocity after it has rotated one revolution (360°), The 
plate is supported by ball-and-socket joints at A and B. 


Due to symmetry l M y = l y y = 4v = 0 

4= n(3n) (1 ' 2)2 = 0 05590slug ' ^ 

!»■ = 122 +a4 ') = 0 06211 slu 8 ft2 
4' = ^(~}{°. 4)2 = °.0062H slug- ft 2 

For z axis 

u x ' = cos71.57° = 0.3162 u,' SCOS90 0 = 0 

IV = cos 18.43° = 0.9487 

4 = £’K 2 ■+l,-Uy-+l l -ul--2l,yu M -Uy‘ 

= 0.05590(0.3162) 2 + 0 + 0.006211(0.9487) 2 - 0- 0 -0 
= 0.01118 slug ft 2 



0+ 8( 1.2sin 18.43°)(2ir) = ^(0.01118)0/ 
0)= 58.4rad/s.~.... Ans 


21-38. The space capsule has a mass of 3.5 Mg and the 
radii of gyration are k x - k z = 0.8 m and k y = 0.5 m. If 
it is traveling with a velocity v G = {60QJ} m/s, compute 
its angular velocity just after it is struck by a meteoroid 
having a mass of 0.60 kg and a velocity V m =* 
{-200i - 400j + 200k} m/s. Assume that the meteoroid 
embeds itself into the capsule at point A and that the 
capsule initially has no angular velocity. 



Angular momentum for raeteoriod and a paoe capsule is conserved about G. 

(Hah - (Hah 

(1I + 3J—Ik) x 0.6{—2001-400J+200k) = 3500(0.8)* r»,I+3500(0.5) 2 a> r J+3500(0.8) 2 (D t k 

1201 + 120k = 2240<u, i + 875<a r J + 2240o c k 
120 

” tgjj = 0.0536 rad/s 
my » 0 





120 

2240 


0.0536 rad/s 










21-39. Derive the scalar form of the rotational equation 
~ of motion along the* axis when ft # to and the moments 
and products of inertia of the body are not constant with 
respect to time. 

In general 

M = — (H x i + H,j + H z k) 
dt 

= (H, i + H y j+ H z k) jyz + (1 x (H, i + H y j + H z k) 

Substitute fl = U t i + fl r j + fl z kand expanding the cross product yields 
M «((*,),„ -q,h, +n,H z )+((«, ) xyl -a.n +QA )+((*,),„-^>4 +a«,)k 
Subsitute H, , H y and H, using Eq. 21-10. For the i component 

ZM, = ^-(/ x o) x -! X yCO,-l xz ai z )-Sl z (Iya),-l, z m z -t, x co l ,) + Cl,(l z 0 z -l v ,a) x -I z> <^) . Ans 
at 

One can obtain y and z components in a similar manner. 

. *21-40. Derive the scalar form of the rotational -- 

equation of motion along the * axis when ft ^ to and the 

~ 'foments ami products of inertia of the body are constant - — --- 

with respect to time. 

In general 

M = 4w.i + fl y .j + H*k) 

at 

= (H x i+H y i + H z k) zn +nx(f4i+H y j + H,k) 

Substitute Q=fl I i+Q,j + n t kand expanding the cross product yields 

m = ((«, -w, ) m +ckH x ^+[(H l i yi -a y H z *Q,H } y 

Substitute H x , H y and H z using Eq. 21-10. For the i component 

4 (4 at. -4, oi, -iz at)-Slz(f,Oy -/„ -l yx oi, HiO, (4a* to, -I c ,to,) 

at 

For constant inertia, expanding the time derivative of the above equation yields 

ZM X = (4 01, —} X y<Sly — t xz Cl\)-~tXz (I, COy - Iy Z (Oz — ly X ZO X ) + tiy (4 Uy 4* ~hyQly) _A 

One can obtain y and z comp onents in a similar manner. _ 










21-41. Derive the Euler equations of motion for O i= to, 

i.e., Eqs. 21-26..._______:..„„ 

In general 

M = ^(H,i + H y ) + H z k) 

= (H,i+H y } + H z k) xn +nx(H 1 ,i+H y }+H,k) 

Substitute £1 = Q, i + 0^ j + (2, k and expanding the cross product yields 

M = ((**),„ -OtH, +«>*i)i+((4X„-Q,ff t +n l «,)j+((4X„-n,«, +n«ff„)k 

Substituted, , H, and H z using Eq. 21-10. For thei component 

LM, = jQ,ca,-I xy co y -l, l w t )-a z {l y O) y -I yz O) z -l yx <o,) + O y (l,o) l -/ zx o),-l zy o) y ) 

Set l xy =/„=/„ = 0 and require I x , l y , l z to be constant This yields 
ZM, =1,6),-fyQta^+ttOyCH Ans 

One can obtain y and z components in a similar manner. 

21 - 42 . The 40-kg flywheel (disk) is mounted 20 mm off 
its true center at G. If the shaft is rotating at a constant 
speed <o = 8 rad/s, determine the maximum reactions 
exerted on the journal bearings at A and B. 



<#, - o 

* -8 rad/s 
0>, - 0 

~ XM x - 4 ^ _ _ ^0'. - 

B z (125) - A,(0.75) = 0-0 
“4®, -(4 

£,(1.25) + *7(0.75) = 0-0 
2^ = me,; A , + B, = o 

^ = +B <~ 40(9.81) = 40(g) 2 (0.020) 

Solving, 

A, “ o 

B, = 0 

A, “ 277 N- 



40fl.lt) M 


B, « 166 N 
Thus, 

*k - 277 N 


Ann 

An t 


www.elsolucionario.net 














21 - 43 . The 40-kg flywheel (disk) is mounted 20 mm off its 
true center at G. If the shaft is rotating at a constant speed 
= 8 rad/s, determine the minimum reactions exerted on 
the journal bearings at A and B during the motion. 


500 mm 


co = 8 rad/s 



2*4 “ 4®. - (4 “ 

B,(1.2S) - A,(0.7S) - 0 - 0 

at, “ 4- <4 - l,)0) x a,; 


Y 6 * 'H 


-$,(1.25) +a,(0.75) - 0-0 

I F, ** mtL,\ a, + B t - 0 

a? = a, + B t - 40(9.81) - - 40(8) 2 (0.020) 


a, « 213.25 N 


B. - 127.95 N 


F t - 213 N 
F, - 128 N 


*21-44. The 20-lb disk is mounted on the horizontal 
shaft AB such that its plane forms an angle of 10° with 
the vertical. If the shaft rotates with an angular velocity 
of 3 rad/s, determine the vertical reactions developed at 
the bearSgs when the disk is in the position shown. 


4 = i(3n) <a5)2=a07764s,ug ft2 


4=4 = 5(jfy< a5 > 2 =0.03882 slug ft 2 



co = 3 rad/s' . / 


co= 3cos 10°i+ 3sin 10°j = {2.9544i + 0.5209j} rad/s 

Applying the third of Eqs. 21-25 with co, = 2.9544 rad/s co, = 0,5209 rad h a, = 0 


£iVt = / ; Co. — (I ,—/ t ox or,; 


F b (2) - 7^T2) = CT- (0107764-‘0703882)T2.9544)10,5209) “ (I) 


ZF.=m(ac ) t ; F A +F B -20 = 0 



F a = 10.0 lb 


Fg = 9.99 lb 


rarasTsiira 








21-45. The 4-lb bar rests along the smooth comers of an 
open box. At the instant shown, the box has a velocity v = 
{3j} ft/s and an acceleration a = {—6j} ft/s 2 . Determine 
the x, >•, z components of force which the comers exert on 
the bar. 


=m{a c ) x \ A x + B x =0 fl] 

£ F y = m(a c ) y \ A y + B y = (^) (-6) [21 

F, = m(a G ) z : B. — 4=0 B- = 4 lb Ans 
Applying Eq. 21-25 with w x = cu v = <o z = 0 d> x = d> v = = 0 

Y.(M c ,)x = h^x - U y - l,Jw y co : ;, B y {\) — A V (I) + 4(0.5) = 0 [3] 
£(**«)>• = lytby - Uz - I.x)(Oz<O x \ A.t(l) - B,(l) + 4(1) = 0 [4] 

Solving Eqs. [1] to [4] yields: 

A x = -2.00 lb A y = 0.627 lb B x = 2.00 lb B y = -1.37 lb Ans 

£Wo) : = I z a>: - (/, - /,,) a> x <o y ; 




(-2.00K0.5) - (2.00)(0.5) - (—1.37)(1) + (0.627)(1) = 0 (O.K!) 


21-46. The conical pendulum consists of a bar of mass 
m and length L that is supported by the pin at its end A. 
If the pin is subjected to a rotation w, determine the angle 
9 that the bar makes with the vertical as it rotates. Also, 
determine the components of reaction at the pin. 



/,=0 




(9 = cos- 1 ( 

\2 Lor ) 


Ans 





21 - 47 . The 20-lb plate is mounted on the shaft AB so 1 
that the plane of the plate makes an angle 6 = 30° with 
the vertical. If the shaft is turning in the direction shown 
with an angular velocity of 25 rad/s, determine the 
vertical reactions at the bearing supports A and B when 
the plate is in the position shown. 


0 = 30° 




<0 rn 25cos30°i - 23sta30°j 
a> = a>cos30°l - osin30°j 

^ ~ 3Z2^l2^2^ + *2^ = °- 02S8 8 slug-ft 2 
20 1 1 

~ 32.2^ 12^2^ = 294 slug-ft 2 

Using the third Eq. 21-25, 


' 1J« £ tji, T 

aoit F * 


0 - (0.02588 - 0.01294)(25cos30°)(-25sln30°) 


r Thus, 


15 - Fa = 2.3346 


" '"(%)>: 15 + F, - 20 = 1 

3 - 8.83 lb An* 


5 = 11.2 1b 


*21-48. The car is traveling around the curved road of 
radius p such that its mass center has a constant speed 
v G . Write the equations of rotational motion with respect 
to the x,y, z axes. Assume that the car’s six moments and 
products of inertia with respect to these axes are known. 


Applying Eq. 21-24 with 04 = 0, a, = 0. <24 = —, 

. ■ ~.p’ 

04 = ox , = 04 = b 


ZM, = 



ZMy — -4. 


2A4 = 0 


f—) 2 - 0] = -k 

\P J J p‘ 


Note: This 


equal. Instead, they depend upon the speed of the car, radius of curvature, and the 


\nocGssvtiy~ 







21-49. The rod assembly is supported by a ball-and- 
socket joint at C and a journal bearing at D, which 
develops only * and y force reactions. The rods have a 
mass of 0.75 kg/m. Determine the angular acceleration 
of the rods and the components of reaction at the 
supports at the instant a = 8 rad/s as shown. 


2 m db to = 8 tact's 


Q = to = 8k 


50 N • m 


a>, = a>, = 0, < 0 , = 8 rad/s 

a>, = (b, = 0, o>, = a> t 


4, - 4, * 0 

= 0.75(1)(2)(0.5) = 0.75 kgm 2 
jr t « i(0.75)(l)(l) 2 = 0.25 kg m 2 
Eqs. 21-24 become 


Lj7v:3575M 


■*"t <3 

c > 


ZK = 

TM, = -4>« 


- 4% 


-0,(4) - 7.3575(0.5) = 0-75(8) 2 


0,(4) = -0.75<» t 


50 = 0.25O), 


o), = 200 rad/s 


Q, = -37.5 N Ana 

ZF„ = m( % ),; C. - 37.5 = -l(0.75)(200)(0-5) 
C. = - 37.5 N_Ana_ 


C, = -11.1 N Ana 

ZF t = m(cfe),; q - 7.3575 - 29.43 = 0 









21 - 50 . The rod assembly is supported by journal 
bearings at A and B, which develops only x and y force 
reactions on the shaft. If the shaft AB is rotating in the 
direction shown at to = {-5j}rad/s, determine the 
reactions at the bearings when the assembly is in the 
position shown. Also, what is the shaft s angular 
acceleration? The mass of each rod is 1.5 kg/m. 


z 



2*4 = 4 >*..-..-. 

2*4 = - 4 A._ - _ .......... 

4, - i(0.4)(l-5)(0.4) 2 + i(03)(tJ)(0.3) 3 «= 0.0455 kgm 2 
^ » [0 + (l.5)(0.3)(0.15)(0.8)] = 0.0540 kgm 2 
4, = [0 + (1-5)(0.4)(0.2)(0-S)] = 0.0600 kg m 2 
Thus, 

-5.886(0.5) - 19.1295(0.65) - 4.4145(0.8) + B,(1.3) = -0.0600a), - 0.0540(-S) 
5.886(03) = 0.0455m, 

-£,(1.3) = 0.0600(—5) 2 - (0.0540)a), 

<B, m 25.9 t uA/s 2 _Ans__ 

B, = -0.0791 N Ans 

B, » 12.3 N Ans 

305; » m(% ),; A, -0.0791 = -0.4(1J)(5) 2 (03) + 0.3(1.S)(25.9)(0.15) 

A, m - 1.17 N Ans 

IF = m(%) £ ; A, + 12.31 - 5.886 - 19.1295 - 4.4145 « -0.4(1J)(25.9)(0.2) 
.*. ---- -O3aJ)(5) 2 (0.15) 











21-51. The rod assembly has a weight of 5 lb/ft. It is 
supported at B by a smooth journal bearing, which deve¬ 
lops .v and y force reactions, and at A by a smooth thrust 
bearing, which develops x, y, and z force reactions. If 
a 50-lb • ft torque is applied along rod AB, determine the 
components of reaction at the bearings when the assembly 
has an angular velocity a> = 10 rad/s at the instant shown. 



/ = I r««l (6 ) 2 + 1 [Ml (2 ) 2 + [Ml (3)2 + [Ml {2 ) 2 
• 3 L 32.2 J + 12 1.32.2 J W + [ 32.2 J W + [32.2 \ U) 


15.3209 slug ■ ft 2 


4= 3 


6(5)' 

32.2 


( 6) 2 + 


12 


+ n 


2(5) 

32.2 


( 2) 2 + 


2(5) 1 
32.2 J 

2(5) 1 
L 32.2 J 


( 2) 2 + 
(l 2 + 2 2 ) 


2(5) ~ 
32.2 


(2 2 -I- 3 2 ) 


/, = 16.9772 slug • ft 2 

'■-5[5i] <2,I + [M] <2|! “ 1 ' 6563slus '" ! 


= 


2(5) ' 

32.2 


( 1 )( 2 ) + 


’2(5)' 

.32.2. 


(2) (3) = 2.4845 slug • ft 2 /,,. = /-, = 0 


Applying Eq. 21-24 with to x = co y = 0 cu. = 10 rad/s d> x = d> } . — 0 
—B y (6) = 0 — 0 — 0 — 2.4845(0 — 10 2 ) — 0 5 V = -41.4 lb Ans 
5,(6) = 0 — 0 — 2.4845o>; -0-0 (1) 

50= 1.6563d). (2) 

Solving Eqs. (1) and (2) yields: 


2(5) 

32.2 


(1X30.19)- 


ci>. = 30.19 rad/s 2 
B x = -12.5 lb Ans 

= m(« c ),; A, + (-12.50) = 

A x = -15.6 lb 

EF.-«(ft),; A,+ (-41.4) = 

A y = —51.8 lb 

£F ; =m(a c; ) ; ; A, - 2(5) - 2(5) - 6(5) = 0 A, = 50 lb 


’ 2(5) ' 

.32.2. 


(2X30.19) 


’2(5)' 

„ [2(5)1 

.32.2. 

(1K10) [32.2J 


(2)(10) 2 


Ans 

Ans 

Ans 








*21-52. The 25-lb disk is fixed to rod BCD, which has 
negligible mass. Determine the torque T which must be 
applied to the vertical shaft so that the shaft has an 
angular acceleration of a = 6 rad/s 2 . The shaft is free to 
turn in its bearings. 


Applying the third of Eq. 21-25 with /,=/,. O), = ca,=0, a, -6 rad/s 2 
IA4 = d* )«*a*; T = 3.4938(6) = 21.0 lb ft Ana 


21-53. Solve Prob. 21-52, assuming rod BCD has a weight 
of 2 lb/ft. 


Applying the third of Eq. 21-25 with 4 = 4. 0 ),= Cti, = 0, d^=6rad/s 2 


.£A 4 =/ ; d A-(A - 4 )GVQ » ; T = 3.9079(6) = 23.4lb- ft _Ana 
















21 - 54 . The thin rod has a mass of 0.8 kg and a total 
length of 150 mm. It is rotating about its midpoint at a 
constant rate fr =» 6 rad/s, white the table to which its axle 
A is fastened is rotating at 2 rad/s. Determine the x, y, z 
moment components which the axle exerts on the rod 
when the rod is in any position 9. 


y 



Hie x,y,z kaxes are fixed as shows. 
a>, = 2 sin# 



J 


AL - — 20sin0 ■ -12sin0 

*4 «* 0 
4=0 

4 = 4 = ^(o.8)(o.is) z = i.3(icr 5 ) 

Using Eqs. 21 —2S : 

SM, =0-0 = 0 An* 


Ot, « I-5(1O~ 3 )(-I2sin0) - (1-3(1(T 3 )-O](6)(2sin0) 
at, m <-0.036 Sind) Nm An* 



at, = 0.006sin 0cos 8 = (O.OO3sin20) N m An* 

















21-55. A thin uniform plate having a mass of 0.4 kg is 
spinning with a constant angular velocity <o about its 
diagonal AB. If the person holding the corner of the plate 
at B releases his finger, the plate will fall downward on its 
side AC. Determine the necessary couple moment M which 
if applied to the plate would prevent this from happening. 


Using the principal axis shown, 

I, = -i(0.4)(0.3) 2 = 3(lO' 3 ) kg- m 2 

l y = J-(0.4)(0.15) 2 = 0.75(UT 5 ) kg- m 2 

X =il(0.4)[(0.3) 2 + (0.15) 2 ] = 3.75-(lO- 1 ) kg- m 1 

at, = cusin26.57°, at, = 0 

oiy = O)cos26.57 0 , at, =0 
at, = 0, to, = 0 
ZM, =I x at,-(Iy-I,)ai,(0, 

M, =0 

ZM, = l y to,-0,-1,)at, ax, 

My =0 . .- . 

ZM, = I,ta,-{l,-I,)at,at, 

=0-[3(l0" 3 )-0.75(l0 -5 )] ffi?sin26.57°cos26. S7° 
=-0.9(l0" 3 )fl^ N- m =-0.9a/raN • m Ai 


The couple acts outward, perpendicular to the face of the plate. 








*21-56. The cylinder has a mass of 30 kg and is mounted 
on an axle that is supported by bearings at A and B. If the 
axle is turn i ng at to ■». 1—4 01} r ad/s. dete r mine the ver tical 
components of force acting at the bearings at this instant. 


z 



(ife)x “ <“*>)>• “ (Ao)x ” 0 

4 “ ^ “ '^< 30) l 3<0 - 25)1 + “ 609375 k, m2 


L - —(30X0.25)* « 0.9375 k* m r 

u 2 

Using the first of Eqs. 21-25, 

£M, « 4 

fl r (l) - A,(l) - 0 - (6.09375— 0.9375)(—12.65X37.95) 

B, - A r •> 2475.34* 

TM, - t,i>, - (t - 

X,(leo»18.43®) - B r (lco. 18.43“) - 0 - 0 

• *z -“Sr- 

Xffc - m(%)xl A x + B x - O 

XF^ - «X4o)r' A, + B, - 0 

Ax * “^x 

Dv - m(<to)rl A r + B, - 294.3 - 0 
Solving, 

^ - Bx - 0 An. 

A, - -1.09 kN An. 


By - 1.38 kN 


An. 















21 - 57 . The uniform hatch door, having a mass of 15 kg 
and a mass center at G, is supported in the horizontal 
plane by bearings at A and B. If a vertical force 
F — 300 N is applied to the door as shown, determine the 
components of reaction at the bearings and the angular 
acceleration of the door. The bearing at A will resist a 
component of force in the y direction, whereas the 
bearing at B will not. For the calculation, assume the door 
to be a thin plate and neglect the size of each bearing. 
The door is originally at rest. 


200 mm 


200 mm 


_150 mm 

'^XJSOmm 

iS*L B j^'XlOO mm 


<o x = a>y = a), = 0 




Eqs. 21-25 reduce to 

( 

TM = 0; 300(0.25-0.03) +B.(0.15)-A, (0.15) = 0 


■* / '*"if*30ON' S ) ^ 

Ooi) (o 1 »*')•• 


B t -A, = -440 (1) 

TMy = Iyia,\ 15(9.81)(0.2) - (300X0.4- 0.03) - (15)(0.4) J + 15(0.2) ! ]a), 

a> y » -102 rad/s 2 An* 

XU, » 0; -15.(0.15) + A. (0.15) = 0 

IF, - «(%),-, -A, +8. =0 

A. « B x = 0 An* 

XF, « *(%),; A, - 0 An* 


XF, - «(%),; 300-15(9.81) + B, + A, - 15(10196)(0.2) 

8, + A, - 153.03 (2) 

Solving Eqs. (1) snd (2) yields . 

A, - 297 N An* 


B, = -143 N 






21-58. The man sits on a swivel chair which is rotating 
with a constant angular velocity of 3 rad/s. He holds the 
uniform 5-lb rod AB horizontal. He suddenly gives it 
an angular acceleration of 2 rad/s 2 , measured relative to 
him, as shown. Determine the required force and moment 
components at the grip, A, necessary to do this. Establish 
axes at the rod’s center of mass G, with +<: upward, and 
+>’ directed along the axis of the rod towards A. 


H (i) 01165 f,i 


£2 = oi — 3k 


LO t = Oly = 0 


2 rad/s 2 



co, = 3 rad/s 


£2 = 4* £2 x to “ —2i 4- 0 


; i a = 3k 



cb x = —2 rad/s 2 


&> v = di : = 0 


(A< ; )* = 0 

(A„) v = (3.5K3)’ =31-5 ft/s 2 




(Ac); =2(1.5) = 3 ft/s 2 


EF, = hi (oq ) x ; A x — 0 


-LFy = m(aa) y ; A, = —(31.5) = 4.89 lb Ans 


SF; = mUah; -5 + A : = — (3) 


A, = 5.47 lb 


T,M X = /,(»[ — (Iy — I.)(Oy01 Z \ 

+ 5.47(1.5) = 0.1165(—2) - 0 


M, = -8.43 lb-ft 


ZM } = l,<b x - (/- - I x )ai-w x ; 


0 4- M, = 0 - 0 


My = 0 


EAf, = I : d>, — (4- — Jy)to x to r ‘, 


M v = 0-0 



21-59. Four spheres are connected to shaft AB, If m c ,= 
1 kg and m E = 2 kg, determine the mass of D and F and 
the angles of the rods, d D and d F , so that the shaft is 
dynamically balanced, that is, so that the bearings at A 
and B exert only vertical reactions on the shaft as it 
rotates. Neglect the mass of the rods. 


F T dj 0.2 
0.1 / 


Lift 


£■ 0.1 m 


For 5=0; Ei, m, = 0 

(0. Icos30°)(2)--(0. lsmef)m(r-(0.2sinS D )m D =0 (1) 

For i = 0; Si, m, =0 

(0.1)(1) - (0.1 sin 30°) (2) + (0.2cos d D )m D + (0. I cos 0 P ) my = 0 (2) 

Forty =0; Si,v,m, = 0 

-( 0 . 2 )( 0 . 2 sm$ D )mt, + (0.3)(0.1cos30 o )(2)-(0.4)(0.1sinfl F )mF = 0 (3) 

Fori, =0; Si.v.m, =0 

(0. l)(0. lHl) + (O.2)(O.2cos0 D )m D -(0.3)(0. lsin30°)(2) + (0. Icos9f)(0.4)(m f ) = 0 (4) 



Solving, 


d u = 139° 


mo = 0.661 kg 


0r = 4O.9° 


mf — 1.32 I 


The bent uniform rod ACD has a weight of 5 lb/ft 1 
and is supported at X by a pin and at B by a cord. If the 
vertical shaft rotates with a constant angular velocity _ _ 
a> = 20 rad/s, determine the x, y, z components of force ~ * 

and moment developed at A and the tension in the cord. a • i> - i> 



a, - at, = n>, » 0 
Ibe center of mass is located at 


y - 025 ft (symmetry) 


-(-0.5)(1) - -0.0T76 slug ft* 


Eqi.21-24 reduce to 

2*4 - 


j; - 47.1 lb 


IMy = 0; My — Q Ans 

£*4=0; *4=0 Ans 

SF, = ma,; A, = 0 Ans 
10 , 

Mg-—«u»f — \ - - ( )( 2 0) 2 ( 1 —4125)— 


-r,(0.5) - 10(0.75) = - 0.0776(20) J ^ * 1 ^ ^ 




ZF, = ma,; A, - 47.1 - 10 = 0 













21-61. Show that the angular velocity of a body, in terms 
of Euler angles <j>, 6 , and \j/, may be expressed as co = 
(<p sin 9 sin f +6 cos i/r )i + (0 sin 6 cos 0 - 6 sin 0)j + 
(4> cos9 + if) k, where i, j, and k are directed along the 
x, y, 2 axes as shown in Fig. 21-15 d. 

From Fig. 21-15/?, due to rotation 0, the x, v, j components of 0 are 
simply 0 along z axis. 

From Fig. 21-15c, due to rotation 9, the x, y, z components of 0 and 
9 are 0 sin 0 in the v direction, 0 cos 0 in the j direction, and 0 in the 
x direction. 

Lastly, rotation 0, Fig. 21-15 d, produces the final components which 
yields 

a? = (0 sin 6 sin 0 4- 6 cos 0)i + (0 sin 9 cos 0 — $ sin 0)j 
+ (0 cos 9 + 0)k Q.E.D. 


21-62. A thin rod is initially coincident with the Z axis 
when it is given three rotations defined by the Euler angles 
4> = 30°, 9 — 45°, and i/r = 60°. If these rotations are 
given in the order stated, determine the coordinate direc¬ 
tion angles a, f), y of the axis of the rod with respect to 
the X, Y, and Z axes. Are these directions the same for 
any order of the rotations? Why? 

The rotations 0 = 30° and 0 = 60° do not change the orientation of 
the rod since it causes the rod to rotate about its axis only. 

u = cos 90"i + cos 135’j + cos 45°k 

= —0.707j + 0.707k 

Coordinate direction angles: 

a — cos -1 (0) = 90° Ans 

P = cos“ 1 (-0.707) = 135° Ans 

y = cos-'(0.707) =45° Ans 

The orientation of the rod will not be the same for any order of rotation 
because finite rotations are not vectors. 



MMifeldMhrsH 



21*63. The turbine on a ship has a mass of 400 kg and 
is mounted on bearings A and B as shown. Its center of I 

mass is at G, its radius of gyration is k z = 03 nv and .; «> - 0.2 + 200 - 200.2 nd/s 

k x = k y = 0.5 m. If it is spinning at 200 rad/s, determine 
the vertical reactions at the bearings when the ship 
undergoes each of the following motions: (a) rolling, 
o>! = 0 . 2 rad/s, (b) turning, ^ = 0.8 rad/s, (c) pitching, 

< 1)3 = 1.4 rad/s. 

Una, 

Ay - 1.49 kN An# 

By m 2.43 kN An# 

b) C2 - 0.8J 
to - 0.8J + 200k 

at - 0 + 0.8J X (0.8J + 200k) « 160! 

TF y « Ay + B y - 3924 - O 

Zin « 4 - (4 - 4 ><^“<: 

a, (0.8) - A, (1.3) - 400(0.5) 2 ( 160) - (400(0.S) 2 - 400(0.3) 2 1(O.S)(200) 
a, (0.8) - A, (1.3) - 5760 

Thus, 

1 

j 

j Ay - -1.24 kN Am 

j By « 5.17 kN An# 

c) Q « 1.41 
CO « 1.41 + 200k 

<0 - 1.41 X (T.4f~+ 200k) ■«"—280[| - -.- 

ZFy - m(£fc),; Ay + B y - 3924 - 0 

- />, 

B,(0.8) - A, (1.3) « 0-0 



A, 4* By- 3924 

(0.8) — Ay(1.3) -0-0 


- O 


$ 



Thu#, 

Ay - 1.49 kN 
By - 2.43 kN 


Am 












*21-64. The 30-lb wheel rolls without slipping. If it has 
a radius of gyration k A g = 1.2 ft about its axle AB, and 
the vertical drive shaft is turning at 8 rad/s, determine the 
normal reaction the wheel exerts on the ground at C. 



U, = 0 ) = 8 rad/s 


3(8) 

= ~r— = -13.33 rad/s 

i. a 


-40,<H; 30(3)-A(„(3) = [(Jl](1.2) l ]<8)(-13.33) 


H, =77.7 lb 


4* w 

A JrA 




21-65. The 30-lb wheel rolls without slipping. If it has a 
radius of gyration k A „ = 1.2 ft about its axle AB, 
determine its angular velocity to so that the normal 
reaction at C becomes 60 lb. 



ZM, =1,0,01,, 30(3)-60(3) = f-^-(1.2) 2 laK-1.667a« 



^ 







21-66. The 20-kg disk is spinning about its center at..„ ^ . i 

= 20 rad/s while the supporting axle is rotating at en y = 

6 rad/s. Determine the gyroscopic moment caused by the 
force reactions which the pin A exerts on the disk due to 
the motion. 

oj s = 20 rad/s 


= [1(20X0.15) l ]<6)(20) = 27.0 N m An. 


✓ 


lAf, = 40, 













21-67. The motor weighs 50 lb and h® * radius of 
gyration of 0.2 ft about the z axis. The shaft of the motor 
supported by bearings at A and B, and is turning at a 
constant rate of o> s = (100k) rad/s, while the frame has 
an angular velocity of = {2jJ rad/s. Determine he 
moment which the bearing forces at A and B exert on the 
shaft due to this motion. 


& 



Applying Eq. 21-30: For the coordinate system shown fl»90° 0 = 90° 
8 = 0 <)>=2 rad/s 100 tad/s . 

ZM, = -/0 J sin0cos0+/j^sin0(0cos0+yr}- reducesto 


ZM x =l z W\ 


r 50 ' 
.1.32.2. 

J(0.2) ? j(2)(100) - 12.4 lb • ft Am 

Since Oi, = 0 




ZM y =0; 

My =0 


Ans 

M 

£ 

it 

© 

Mt =0 


Ans 


1/1 



Y,x 


*21-68. The conical top has a mass of 0.8 kg, and the 

— moments of inertia arc l x — 1? — 3.5(10 ) kg m an ^- 

I = 0.8(10~ 3 ) kg-m 2 . If it spins freely in the ball-and- 
socket joint at A with an angular velocity o», = 750 rad/s, 
compute the precession of the top about the axis of the 
shaft AB. a)a s 750 rad/s 



Using Eq. 21-30. 

I 

m = -IQS inecose + 4<.sin0C*cosS + 

0.1(0.8)(9.81) S in30° - -3.5(10-’)i> 2 sm30°cos30° 

_ _ + O.8 (lO~ 3 )0sin3O o (0cos 3O° + 750 ) 

Thus, ______ I: _;_ 

Ti 6O(1O- 3 )0 2 - 3OO(KfT0 + 0.3924 = O | 

0 = 1.31 rad/s (low precession) Ans 

0 = 255 rad/s (high precession) Ans 





Z 









21 - 69 . A wheel of mass nt and radius r rolls with constant 
spin ta about a circular path having a radius a. If the angle 
of indination is 9, determine the rate of precession. Treat 
the wheel as a thin ring. No slipping occurs. «ee no s 

(r)r - (a + rcos0)<f 


-*r i .. 




a+ rcojS.i 
* » (---)♦ 


a» *= £ + V 



XF y . -mOfcV: <2) 

EJf- - «(na). -. W - mg = 0 O) 

t-t-=r. t—’ 

« _ (Min 9J + {-V + ^cos6)k 
Thus, 

^ = 0. a>, = *sine, ®. “ "^ + * COS ® 

a, . 4k x v - -*V sin0 

^ = -^ysine, “r “ “* = 0 

Applying 

= 4m, + (4 “ 

. =£<-♦*»*>-^x-i’**»«*"" 

Using Eqs. (1). (2) «*> <»• ''ta* 0 * 110 * * we ‘“‘ Ve 

map r sin 0- mgraaB « —(-P)sin r 2 r 

mr 1 -» 2 a , fl _ Silf^Mnecose) 
mariner-mg rc«e = 2 tv 

2gcos0 = a** sinfl + r«%ln0cos0 

2 g ctnO N ira a ns 

? “ ' 4 + r<x»6' __ _ .... 


21-70 The top consists of a thin disk that has a weight 
- of - 8 lb and a radius o f 0 - 3 ft. The rod has a ne gji g ibte m a ss 
and a length of 0.5 ft. If the top is spinning with an angular 
velocity &>, = 300 rad/s. determine the steady-state 
precessional angular velocity o> p of the rod when 8 40 . 


I.Vf x = -/4>‘sm0co.s0 + 4 0sinef 9cos0 + <|/j 
8(0.5 sintt^-faf^ 0 ' 3 * 2 


sin40°cos40° 



0.02783a£- 2 1559c ^> + 2 - 571 ~° 

^ = 1.21 rad/s A ns (^precession). 




A py 

/ 40* $ Lb- 











21-71. Solve Prob. 21 -70 when 0 = 90° 




■ S >-[5(S2) <0:,,, ]' ,V<300> 


|S 1.19 rad/s Ans 



*21-72. The top has a mass of 3 lb and can be considered 
as a solid cone. If it is observed to precess about the 
vertical axis at a constant rate of 5 rad/s, determine its 
spin. 


+ ©] + 3l2(llJ =001419slu «’ ft 2 

4= ^(AXii) 2=o - 43672 ( 10 ' 3 ) siu «- ft 2 


(0COS0+ yr) 


<3) ( 12 ) (Sm30 ° ) = ~1°-9 ,419 )(5) 2 sin30 0 cos30 0 + 0.43672(l0‘ 3 )(5)sin30°^5cos30°+ 



XT. 














21-73. The toy gyroscope consists of a rotor R which is \ 
attached to the frame of negligible mass. If it is observed j 
that the frame is precessing about the pivot point O at 4 
oip = 2 rad/s, determine the angular velocity a> R of the 
rotor. The stem OA moves in the horizontal plane. The 
rotor has a mass of 200 g and a radius of gyration 
koA — 20 mm about OA. 


TM, - 


(Q.2)<9.81)(0.03) - [0.2(0.02) ](2)(<b, ) 
a>, » 368 rad/s Ans 


J o.al<WtW 



21-74. The car is traveling at v c = 100 km/h around the 
horizontal curve having a radius of 80 m. If each wheel 
has a mass of 16 kg, a radius of gyration k a - 300 mm 
about its spinning axis, and a radius of 400 mm, determine 
the difference between the normal forces of the rear 
wheels, caused by the gyroscopic effect. The distance 
between the wheels is 1.30 m. 


. t = oil 


t , c = too km/h 


„ - 122112922 » 69.44 rad/s 
^ ” 3600(0.4) 

_ loouooo) _ 0 347 

^ 80(3600) 

M = 1(0,0),, 

AF( 1.30) = 2.88(69.44)(0.347) 



AF = 53:4-n— 


I 


21-75. The projectile shown is subjected to torque-free 
motion. Th e transverse an d ax ial moments of inertia are 
I and h, respectively. If 6 represents the angte between 
the precessional axis Z and the axis of symmetry z, and 
a is the angle between the angular velocity to and the z 
axis, show that 0 and 6 are related by the equation 
tan & = (//4) tan 0. 


From Eq. 21-34 < 0 , = and Qife = H ° C ° S - Hence = ^ 

i *i “4 1 


-iinwg-ver._ 


-2- s tan/? = -7 tan 6 

<% t 


taii^ss — tan/? Q.E.D. 

4 



ma t’4-4 W a»i jiau fjl ■ a 













*21-76. While the rocket is in free flight, it has^a spin of , 
3 rad/s and processes about an axis measured 10° from the 
axis of spin. If the ratio of the axial to transverse moments 
of inertia of the rocket is 1/15, computed about axes which 
pass through the mass center G, determine the angle which 
the resultant angular velocity makes with the spin axis. 
Construct the body and space cones used to describe the 
motion. Is the precession regular or retrograde. 


. = 3 rad m ^ 10 ' 



Detenntoe the an*k/J from the rauftofProb. 21 =T£ 


tine = -tiny? 

4 


tin 10° = — taap 


P - 0.673° 


a - 10° - 0.673° - 9.33° 


Regular Precession Ans 


Since 4 < , - 


SMaxtf 1 y* 73* , 

' 'S-i/T-V tcML 
pnussiwi Mis 

M> 


21-77. The 0.2-kg football is thrown with a spin to. = 
35 rad/s. If the angle 6 is measured as 60°, determine the 
precession about the Z axis 



0 S* 

\ \s\ (£) = 


\ w, = 35 rad/s 


Gyroscopic Motion Here, th e s pinning a ng ul ar velocity y= ttf, . = . 3 . ? . rad7 . s.The 
moment inertia of the football about the; axis Is/. = 0.2(0.05') =0.5(10 ) kgm 
and the moment inertia of the satelite about its transverse axis is /= p.2( 0.1 ) 

= 2( 10~ 3 ) kg ■ m\ Applying the third of Eq.21 -36 with 0 = 60°, we have 


/-/. 

V = 9 


f2a0- 3 )-O.5{l0- , )' 
5= [ 2(10- 3 )0.5(10- 3 ) J 


:fJ„cos 60° 


Applying the second of Eq. 21 — 36, we have 


H c 004667 

; T ” 2(10- 3 ) 


= 23.3 rad/s 















21 - 78 . The space capsule has a mass of 3.2 Mg, and 

about axes passing through the mass center C the axial-- 

and transverse radii of gyration are k z = 0.90 m and k, = 

1.85 m, respectively. If it is spinning at at, = 0.8 rev/s, 
determine its angular momentum. Precession occurs 
about the Z axis. 


Gyroscopic Motion : Here, the spinning angular velocity co s = 0.8(2tn 
= 1 . 6 tr rad/s. The moment of inertia of the satelite about theaxis is /. = 32<X>( 0.9 2 ) 
- 2592 kg ■ m and the moment of inertia of the satelile about us transverse axis is 
/= 3200( 1.85 2 ) = 10 952 kg - m'. Applying the third of Eq.21 - 36 with 8 = 6', 
we have 

. /-/. 

V= ~H c cos 8 

,, r 10 952 -2592 

1.6tr= - 

.10 952(2592) 

H a = 17.16( 10 3 ) kg m 2 /s = 17.2 Mg ■ m 2 /s Ans 


21 - 79 . The 4-kg disk is thrown with a spin co z = 6 rad/s. 
If the angle 8 is measured as 160°, determine the precision 
about the Z axis. 

■..-.-—. Z .-.. 


125 mm 


\ 

z 



// c cos 6° 


Im i< 4 >(0-125> 1 -O.015625 kg ra* 4 = £(4)(0.125) 2 = 0.03125 kg ■ m 2 
Applying Eq. 21-36 with 6=160° ^=6 rad/s 

-~*ff 0 cos« 

0.013625-0,03125 
0.015625(0.03125) COS 1<S0 ° 

Ho m 0.1995 kg.m 2 /s 

+ -*<> . ° 19 ” _„n ■ _-_ 

l 0.015625 S An * 

Not * this is a case of retrograde precession since 4 > I. 













*21-80. The rocket has a mass of 4 Mg and radii of 
gyration k z = 0.85 m and k y = 2.3 m. ft is initially spinning 
about the * axis at a* = 0.05 rad/s when a meteoroid M 
strikes it at A and creates an impulse I = {3001} N s. 
Determine the axis of precession after the impact. 



Hie impulse creams an angular momentum about they axis of 
H, =300(3) = 900kg- m J /s 


= 0.05 rad/s. 


Ho = 900j +[4000(0.85) 2 ](0.05)k = 900j +144.5k 

The axis of precession is defined by H c . 

u „ = 900J * t44: S » s Q.9874J+0.159k 
H ° 911.53 


a = cos -1 (0) = 90° Am 
P = cos- 1 (0.9874) = 9.12° Am 

y= cos' 1 (0.159) = 80.9° Am 











22-1. When a 20-lb weight is suspended from a spring, 
the spring is stretched a distance of 4 in. Determine the 
natural frequency and the period of vibration for a 10-lb 
weight attached to the same spring. 


k = ^ = 60 ib/ft 


k I 60 


<o„ = J — ■ 

V m 


13.90 rad/s 


r = — = 0.452 s 

W„ 


f = - =2.21 Hz 


22-2. A spring has a stiffness of 600 N/m. If a 4-kg 
block is attached to the spring, pushed 50 mm above its 
equilibrium position, and released from rest, determine the 
equation which describes the block’s motion. Assume that 
positive displacement is measured downward. 


k /600 

io„ = — = ,/— = 12.25 rad/s 

V m V 4 


v = 0. x = —0.05 in at l = 0 


.t = A sin (o„t + B cos co„t 


— 0.05 = 0 + if 


B = -0.05 


v — Aw„ cos <o„t — Bp sinfo„r 


0 = A(12.25)-0 


Thus, x — —0.05 cos(12.2/) m Ans 


22-3. When a 3-kg block is suspended from a spring, 
the spring is stretched a distance of 60 mm. Determine 
the natural frequency and the period of vibration for a 
0.2-kg block attached to the same spring. 


F 3(9.81) 
Ax ” 0.060 


: 490.5 N/m 


' V m V 0.2 


= 49.52 rad/s 


f - = 7 .88 Hz 

2tt 2tt 


t = - = — =0.127 s 
/ 7.88 
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*22-4. An 8-kg block is suspended from a spring having 
a stiffness k = 80 N/m. If the block is given an upward 
velocity of 0.4 m/s when it is 90 mm above its equi¬ 
librium position, determine the equation which describes 
the motion and the maximum upward displacement of the 
block measured from the equilibrium position. Assume 
that positive displacement is measured downward. 



v = -0.4 m/s, x — -0.09 m at t = 0 
x = A sinto„r + B cos w„t 


- 0.09 = 0 + B 


B = -0.09 


v = Aoj„ cos a)„r — Bw„ sin a>„/ 
-0.4 = A(3.162)-0 
4 = -0.126 


Thus, x = — 0.I26sin(3.16r) — 0.09cos(3.16r) m Ans 

C = V A 1 + B 2 = yc—0.126) 2 + (—0.09) 2 = 0.155 m Ans 


22-5. A 2-lb weight is suspended from a spring having 
a stiffness k — 2 Ib/in. If the weight is pushed 1 in. 
upward from its equilibrium position and then released 
from rest, determine the equation which describes the 
motion. What is the amplitude and the natural frequency 
of the vibration? 


k = 2(12) = 24 lb/l't 




= 19.66 rad/s 


/ = 


2;r 


= 3.13 Hz 


Ans 



n = 0 at i = 0 


From Eqs. 22-3 and 22-4. 


12 


= 0 + B 


B = -0.0833 


0 — Aco n -j- 0 


A = 0 


C = VA 2 + B 2 = 0.0833 ft = 1 in. Ans 
Position equation. 


y = (0.0833 cos 19.7r) ft Ans 



22-6. A 6-lb weight is suspended from a spring having 
a stiffness k — 3 lb/in. If the weight is given an upward 
velocity of 20 ft/s when it is 2 in. above its equilibrium 
position, determine the equation which describes the 
motion and the maximum upward displacement of the 
weight, measured from the equilibrium position. Assume 
positive displacement is downward. 

k = 3(12) = 36 Ib/fl 



t = 0 , u = —20 ft/s, v = — 7 ft 

6 

From Eq. 22-3, 

-7 =0 + B 
6 


B = -0.167 


From Eq. 22-4. 

-20= 4(13.90) 4-0 
4 = -1.44 
Thus. 

j = [— ] .44 sin( 13.9/) — 0.167 cos(13.9/)] ft Ans 
From Eq. 22-10, 


C = VA- 4- B 2 = 7(1.44)2 4- (-0.I67) 2 = 1.45 ft Ans 


22-7. A 6-kg block is suspended from a spring having 
stiffness of k = 200 N/m. If the block is given an upward 
velocity of 0.4 m/s when it is 75 mm above its equi¬ 
librium position, determine the equation which describes 
the motion and the maximum upward displacement of the 
block measured from the equilibrium position. Assume 
that positive displacement is downward. 


w, 




5.774 


x = A sin a>„t 4- B cos a>„t 


x = —0.075 m when t = 0, 

- 0.075 = 0 4- B; B = -0.075 


v = Aw,, cosa)„f — B<x>„ sina>„/ 


v = —0.4 m/s when / = 0. 

- 0.4 = 4(5.774) - 0; 4 = -0.0693 

Thus, 

x = —0.0693 sin(5.77r) — 0.075 cos(5.77r) Ans 

C = \/A 2 4 -B- = 7(—0.0693) 2 4 - (-0.075) 2 =0.102 m Ans 
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*22-8. A 3-kg block is suspended from a spring having 
a stiffness of k = 200 N/m. If the block is pushed 50 mm 
upward from its equilibrium position and then released 
from rest, determine the equation that describes the 
motion. What are the amplitude and the natural frequency 
of the vibration? Assume that positive displacement is 
downward. 


a>„ = 




cOn 8.165 _____ 

f = — =-= 1.299 = 1.30 Hz Ans 

In 2n 

x = A sin w„t 4- B cos a)„t 
x = —0.05 m when t — 0, 


- 0.05 = 0 4 - B\ B = -0.05 
V = Au>„ cos (o„t — B(t)„ sin m n t 
i; = 0 when t = 0. 

0 - A (8.165) -0; A = 0 
Hence. 

x =-0.05cos(8.16f) Ans 

C = VA 2 + B 1 = y^O) 2 + (-0.05) 2 = 0.05 m = 50 mm Ans 


22-9. Determine the frequency of vibration for the block. 
The springs are originally compressed A. 
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22-10. A pendulum has a 0.4-m-long cord and is given 
a tangential velocity of 0.2 m/s toward the vertical from a 
position 6 = 0.3 rad. Determine the equation which des¬ 
cribes the angular motion. 


See Example 22-1. 


<o„ = 


(I / 9ir 
V l V 0.4 


= 4.95 


0 = A sin aj„t + B cos u> n t 
9 = 0.3 rad when t = 0. 
0.3 = 0 + B\ B = 0.3 


9 = Au)„ cos o)„t — Ba>„ since,,/ 

Since s = 91, v — 91. Hence, 

-0.2 = 0(0.4), 9 = -0.5 when / = 0. 


-0.5 = A (4.95): A = -0.101 
Thus, 

6 = —0.101 sin(4.95r) + 0.3 cos(4.95f) Ans 
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22-11. A cable is used to suspend the 800-lb safe. If the 
safe is being lowered at 6 m/s when the motor controlling 
the cable suddenly jams (stops), determine the maximum 
tension in the cable and the frequency of vibration of the 
safe. Neglect the mass of the cable and assume it is elastic 
such that it stretches 20 mm when subjected to a tension 
of 4 kN. 


ML 


Freebody Diagram: Here the stiffness of the cable is k — ^ = 

200(10’) N/m. When the safe is being displaced by an amount y 
downward vertically from its equilibrium position, the restoring force 
that developed in the cable T = W + ky = 800(9.81) + 200(10 3 )v. 

Equation of Motion: 

+ tJ2 F *=°- 800(9.81) + 200(10 3 )y — 800(9.81) = —800a [11 

d 2 y 

Kinematics: Since a = —- = v, then substituting this value into 
dt 2 

Eq. [1], we have 



T=W+ky 

= 800(9.81)+ 200(10 3 )y 


800(9.81) N 


200(10 3 )y = —800y 


y + 250* = 0 [2] 

From Eq. [2], or„ — 250, thus, w„ — 15.81 rad/s. Applying Eq. 22-14, 
we have 

/ = £ = — = 2.52 Hz Ans 
2k 2k 

The solution of the above differential equation (Eq. |2|) is in the 
form of 


y = Csin(15.81f+d>) [3] 

Taking the time derivative of Eq. [3], we have 
y = 15.81 C cos(15.81? +<j>) |4| 

Applying the initial condition of y = 0 and v = 6 m/s at t = 0 to 
Eqs. [3] and [4[ yields 

0 = C sin (p [51 

6 = 15.81Ccos</> [61 

Solving Eqs. [5| and [6] yields 

0 = 0° C = 0.3795 m 

Since y max —C = 0.3795 m, the maximum cable tension is given by 
T mM = IV + ky„, tlr = 800(9.81) + 200(10’)(0.3795) = 83.7 kN Ans 






*22-12. The uniform beam is supported at its ends by 
two springs A and B, each having the same stiffness k. 
When nothing is supported on the beam, it has a period of 
vertical vibration of 0.83 s. If a 50-kg mass is placed at its 
center, the period of vertical vibration is 1.52 s. Compute 
the stiffness of each spring and the mass of the beam. 



r== Wi 


any- k 


(0.83) 2 _ m B 

(2rr) 2 ~ 2k { ’ 


(1.52) 2 mg + 50 


Eqs. (1) and (2) become 


m B = 0.03490/t 


m a +50 = 0.1170A- 


m«=21.2kg Ans 


k — 609 N/m Ans 


22-13. The body of arbitrary shape has a mass m, mass 
center at G, and a radius of gyration about G of ka- If it is 
displaced a slight amount 9 from its equilibrium position 
and released, determine the natural period of vibration. 







^ + Y. Mq = loot', — mgd sin 0 = [mk^ + md 2 ]0 


e + ^ Si ^ = ° 

However, for small rotation sin $ = 9. Hence 


gd 

9+^A—-9 = 0 
k- c +d- 



From the above differential equation, co„ 


^ k G + 


2n 2n 


' k% + tP 


:2nJ^- Ans 

V s“ 


MMiFsiiM 



22-14. The thin hoop of mass m is supported by a knife- 
edge. Determine the natural period of vibration for small 
amplitudes of swing. 


o 








*22-16. The square plate has a mass m and is suspended 
at its comer by the pin O. Determine the natural period 
of vibration if it is displaced a small amount and released. 



22-17. The disk has a weight of 10 lb and rolls without 
slipping on the horizontal surface as it oscillates about its 
equilibrium position. If the disk is displaced, by rolling it 
counterclockwise 0.4 rad, determine the equation which 
describes its oscillatory motion when it is released. 


he = ^ ( 5 ^ 2 ) <>) 2 + J^ a '> 2 = 04658 slu 8 • f|2 



+ ^2 M ic = hc<*\ ~ 100(2(9) = 0.4658(9 

§ + 429.36* = 0 
(o„ = - v /4293 = 20.72 rad/s 


101 b 



N 


9 = A sinw,,/ + B cos w„t 
w = 0, 0 = 0.4, 1 = 0 

0.4 = 04-1? 


B =0.4 

to = 9 = Aco„ cos to,,t — Ba>„ sin a> n t 
0 = Aw„ — 0 


4=0 


Thus. 

9 = 0.4cos(20.7f) Ans 


mmmsi&ammsmswiESi 




22-18. The pointer on a metronome supports a 0.4-lb 
slider A, which is positioned at a fixed distance from the 
pivot O of the pointer. When the pointer is displaced, 
a torsional spring at O exerts a restoring torque on the 
pointer having a magnitude M = (1.2 9) lb • ft, where 9 
represents the angle of displacement from the vertical, 
measured in radians. Determine the natural period of 
vibration when the pointer is displaced a small amount 
9 and released. Neglect the mass of the pointer. 



to = (0.25) 2 = 0.7764(10--) slug ■ ft 2 

^+^M« = l„a r; -1.29 + 0.4(0.25) sin<? = O.7764(1O~ 3 )0 

For small 6, sin 9 = 9 
So that 

<9 + 1417.50 = 0 


a>„ = V1417.5 = 37.64 rad/s 


r 


2 ?r 

37.64 


0.167 s 



M=\.26 


Ans 





22-19. The connecting rod is supported by a knife edge 
at A and the period of vibration is measured as z A = 
3.38 s. It is then removed and rotated 180° so that it is 
supported by the knife edge at B. In this case the period 
of vibration is measured as t b = 3.96 s. Determine the 
location d of the center of gravity G, and compute the 
radius of gyration kc- 


Freebody Diagram: When an object of arbitary shape having a mass 
m is pinned at O and is displaced by an angular displacement of 8, the 
tangential component of its weight will create the restoring moment 
about point O. 

Equation of Motion: Sum moment about point O to eliminate O x 
and O y , 

^ + '^2 M 0 = locr. ~mg sin 0(1) = I 0 ct [1] 

d 2 e 

Kinematics: Since a — —-r = 0 and sin# = 8 if 8 is small, then 
dt 2 

substitute these values into Eq. [1 j. we have 


-mgW = loti or 6 + —~9 = 0 [2] 

to 

From Eq. [2], a>l = . thus, ai„ = Applying Eq. 22-12, we 

'o V lo 

have _ 

,.?£,2 ,Jh- [3, 

0>n V mgl 

When the rod is rotating about A, x — t A = 3.38 s and I — d. Substi¬ 
tute these values into Eq. [3], we have 


3.38 = 2 jt / 1 = 0.2894,11 gd 

V mgd 

When the rod is rotating about B, x — r« = 3.96 s and / = 0.25 — d. 
Substitute these values into Eq. [3], we have 


3 - 96 = 27T J .° Ts h = 0.3972mg(0.25 - d) 

y mg( 0.25 - d) 

However, the mass moment inertia of the rod about its mass center is 
1 G = 1 A - md 2 = J B - to (0.25 - d) 2 


0.2894 mgd — md 2 = 0.3972w!g(0.25 — d) — m (0.25 — d) 2 

<7=0.1462 m = 146 mm Ans 

Thus, the mass moment inertia of the rod about its mass center is 
l a = 1 A - md 2 = 0.2894m(9.8 !)(0.1462) - m(0.1462 2 ) = 0.3937m 
The radius of gyration is 


[U, 1 0.3937m 


= 0.627 m Ans 





*22-20. The disk, having a weight of 15 lb, is pinned at 
its center O and supports the block A that has a weight 
of 3 lb. If the belt which passes over the disk is not 
allowed to slip at its contacting surface, determine the 
natural period of vibration of the system. 


For equilibrium: 


T sl = 3 lb 

^ + £ M o = Io<* + ma( 0.75) 



k = 80 Ib/ft 


a = 0.15a 


-7;,(0.75) - (8O)(0)(O.75)(O.75) + (3)(0.75) = j (0.75) 2 S + (0.75)0(0.75) 


-2.25 - 45 0 + 2.25 = 0.1310 + 0.052410 


0 + 245.30 = 0 



2jt 

V2453 


= 0.401 s 


Ans 


15 lb 



3 lb ma 


22-21. While standing in an elevator, the man holds a 
pendulum which consists of an 18-in. cord arid a 0.5-lb 
bob. If the elevator is descending with an acceleration 
a = 4 ft/s 2 , determine the natural period of vibration for 
small amplitudes of swing. 


Since the acceleration of the pendulum is (32.2 +4) = 36.2 i't/s 2 
Using the result of Example 22-1, 

We have v T 


IJ I 36.2 

V 7 = y Ts/TI = 4,9 rad/s 

2k 2k 

t — — = —— = 1.28 s Ans 

w„ 4.91 


0.5 lb 



4 ft/s 2 

Y 


22-22. The 50-lb spool is attached to two springs. If the l,c = -( l.5) 2 h -(i) 2 = 5.047 slug • ft 2 

spool is displaced a small amount and released, determine 32 2 32,2 



k = 1 lb/ft 







22-23. The platform AB when empty has a mass of 400 
kg, center of mass at G\, and natural period of oscil¬ 
lation X\ — 2.38 s. If a car, having a mass of 1.2 Mg 
and center of mass at Gi, is placed on the platform, the 
natural period of oscillation becomes T 2 = 3.16 s. Deter¬ 
mine the moment of inertia of the car about an axis passing 
through G?. 



Freebody Diagram: When an object of arbitary shape having a mass 
m is pinned at O and being displaced by an angular displacement 
of 9, the tangential component of its weight will create the restoring 
moment about point O. 

Equation of Motion: Sum moment about point O to eliminate O x 
and O y . 

+ Y^ M o = loot : -mgsmeil) = l 0 a [1] 


Kinematics: Since a = —- = 9 and sin# = 9 if 6 is small, then 
dt 2 

substitute these values into Eq. [11, we have 


—mgl9 = Io0 or 9 + -- 0 = 0 

ft) 


From Eq. [21, ct> 2 = ——. thus, tu„ = ——, Applying Eq. 22-12, we 


r = —=2rr/-^- [3] 

to,, y mgl 

When the platform is empty, x = T| = 2.38 s, m = 400 kg and l = 
2.50 m. Substitute these values into Eq. [31, we have 


2.38 = 2rr. 


400(9.81)(2.50) k p 


(1„)„ = 1407.55 kg ■ nr 


When the car is on the platform, r = ti = 3.16 s, m = 400 kg + 1200 kg 

= .600 kg. / = = 1.9975 m and = </„) c + 

(fo);j = 0o)c + 1407.55. Substitute these values into Eq. [31, we 
have 

316 ‘ ~ 6522 76 k - • 

Thus, the mass moment inertia of the car about its mass center is 


(fc)c’ = Uo)c —m c dr 

= 6522.76 - 1200(1,83 3 ) = 2.50(10’) kg • m 2 Ans 


MMiMdM 




*22-24. The uniform rod has a mass m and is supported 
by the pin O. If the rod is given a small displacement and 
released, determine the natural period of vibration. The 
springs are unstretched when the rod is in the position 
shown. 



f,=*(!)» 

4 + ZM„ = I 0 a; —Fy(L) = I o 0 

-k (|) am = ^mL 2 e 


I i t L 

F s F„ 


»+ — 0 =0 
m 


V m 


2jr 12m 

oo„ V 3 k 


*22-25. The 50-lb wheel has a radius of gyration about 
its mass center G of k G = 0.7 ft. Determine the frequency 
of vibration if it is displaced slightly from the equilibrium 
position and released. Assume no slipping. 



Kinematics: Since the wheel rolls without slipping, then n G — ar = 
1.2a/. Also when the wheel undergoes a small angular displacement 
0 about point A, the spring is stretched by x = 1.6 sin 9. Since 9 is 
small, then sin 9 = 6. Thus, x = 1.60. 

Freebody Diagram: The spring force F sp = kx = 18(1.60) = 28.80 
will create the restoring moment about point A. 

Equation of Motion: The mass moment inertia of the wheel about its 
mass center is !<j = mk- G = ^-^(0.7 2 ) — 0.7609 slug • ft*. 



’ v = 28-8 6 


^ +£ Ma = (A4)„;—28.80(1.6) = J^(1.2a)(1.2) + 0.7609a 
a + 15.3760 =0 


Since a = —- = 0, then substitute this values into Eq. [1). we have 
at 1 

0 + 15.3760 = 0 [2] 

From Eq. [2], ar„ = 15.376, thus. a>„ = 3.921 rad/s. Applying Eq. 22- 
14, we have 


ov _ 3.921 
2jc 2x 


: 0.624 Hz Ans 


>" u < : = ~ 2 <\.2a) 



lea 

ii 

0.7609a 


//T\ 

rs\ 

(g 







22-26. Solve Prob. 22-13 using energy methods. 


1 

T + V = -| mk- G + md-]9- + mg(d)( 1 - cosF) 
(k 2 c + d 2 )eS + gd(sin 9)6 = 0 


sin 9^6 
gd 


' + 


(4+d 2 ) 


6 = 0 


*L = 2 J&t“ 2 ) 

c °n V gd 


Ans 



22-27. Solve Prob. 22-15 using energy methods. 


1a = i™ 2 ■ 


2 \32.2 ) 


(l) 2 =0.3106 slug ft 2 


/(5 — /o + >nd 2 

= (/,t — nir 2 ) + md 2 


= 0.3106- 


20 


40) 

3j-t 




20 

32.2 


32.2 

= 0.4045 slug • fit 2 

V„,ax = - COS 


For small 0 mttr , cos6f n!m . 1 - ^ 


1 - 


4(1) 

37T 


’(%) 


d’max — ^nuix 


; (0.4045)^^,, =20 


1 - 


4(1) 

37T 


(%) 


&)„ = 5.33 rad/s 
2n 2 jt 

r = — = —— = 1.18 s 
co„ 5.33 


Ans 



1 ft 

-Datumn 


20 lb 


Datumn 


Mmwsusmmamz v u 




<N IfO 


*22-28. Solve Prob. 22-16 using energy methods. 


T + V = - 
2 


12 


m(a 2 +i 




cos 0) 


mcrdij + mg ^ — {am0)9 = 0 


sine = 00 + -^L=0 = O 
2V2a 


Ans 

ton 1.0299 Ws/ V 8 



22-29. Solve Prob. 22-20 using energy methods. 


s = 0.75e, .v = 0.750 

r + l/ = ^ [5 (3^^) ,0 ' 75>2 J ^ + ^ (3^2) (0 * 75 ^" 

+ ^(80)(s„ + O.750) 2 - 3(0.75(3) 

0 = 0.1834061’ + 80(s«, + O.750)(O.750) - 2.250 
F ei f = 80.v,,, ; = 3 
s a/ = 0.0375 ft 
Thus, 

0.18340’+ 450 =0 
9 + 245.3 = 0 
2jt 2 71 

r = — = , = 0.401 s Ans 

o)„ 72453 



F eq = 3 lb 3lb 


www.filRnliir.innarin.nfit 





22-30. The uniform rod of mass m is supported by a 
pin at A and a spring at B. If the end B is given a 
small downward displacement and released, determine the 
natural period of vibration. 



v = \k(y eq + yi) 2 - >"gy\ 

= \k(ie r<l + 19) 2 - mg 

T + V = l -ml 2 § 2 + l -k(W eq + tef - mg (yj 
Time derivative 

1 £ 

0 = -ml 2 O0 + kl(6 etl + 9)0 — mg! — 

For equilibrium 


k(!9 eq ) = mgl/2.9 eq = 


mg 

2k 


Thus, 

0 = l -ml§ + kf) 

9 + (3 k/m)9 = 0 

2?r rar 

r = — —2 nj — Ans 
<o„ V 3 k 


22-31. Determine the differential equation of motion of 
the 3-kg block when it is displaced slightly and released. 
The surface is smooth and the springs are originally 
unstretched. 


T + V = const. 

T — ^(3)i 2 

V = 1(500)a- 2 + i(500).r 2 

T + V = 1.5.x 2 + 500x 2 
1.5 (2 x)x + IOOOaa = 0 
3Jc + 1000 a- = 0 

a + 333a = 0 Ans 


ViVAVJTci KET51 11 rM r«i afsi 




*22-32. The machine has a mass m and is uniformly 
supported by four springs, each having a stiffness k. Deter¬ 
mine the natural period of vertical vibration. 


T 4- V = const. 

T = 

V = mgy + ^(4&)(A.v - _y) 2 

T + V = ^m(y) 2 + mgy 4- i(4*)(As - y) 2 
myy + mgy — 4k(As — >')>' = 0 

my + mg + 4 ky — 4k As = 0 
mg 

Since Aj = — 

4k 

Then, 

my + 4ky = 0 
4k 

V H- y — 0 

m 

0>n = 


[4k 

V m 



mg 


Ty_ 




Datumn 



A ns 


22-33. The 7-kg disk is pin-connected at its midpoint. 
Determine the natural period of vibration of the disk if the 
springs have sufficient tension in them to prevent the cord 
from slipping on the disk as it oscillates. Hint: Assume 
that the initial stretch in each spring is Sq- This term will 
cancel out after taking the time derivative of the energy 
equation. 


E = T + V 

= '-Wr + S 0 ) 2 + X -k(fir - S 0 ) 2 + ±l 0 m 2 



E = k(8r + $o)6r + k(Or — S 0 )8r + / o 80 — 0 



2n 


= 2;r 


h 

2kr 2 


: 2jt 


|(7)(0.]) 2 
\] 2(600)(0.1) 2 


■ 0.339 s Ans 


www pIroIi ir.innarin not 





22-34. Determine the natural period of vibration of the 
pendulum. Consider the two rods to be slender, each having 
a weight of 8 lb/ft. 


_ _ l(8)(2) + 2(8}(2) 
■ V 8(2) + 8(2) 


i f i 
3222 [Tz 

1 T 1 
V22 [I2 1 


( 2 ) ( 8 )( 2) 2 + 2 ( 8 )( 1) 2 


+ ^ — (2)(8)(2) 2 + 2(8)(2) 2 J = 2.8157 slug • ft 2 


h — v(l — cose) 



T + V = const. 


r = i (2.8157) (e) 2 = 1.407SW 2 


V =8(4)( 1.5)(1 - cos fl) =48(1 - cose) 



Datum h 


T + V = 1.407 90 2 + 48(1 - cose) 


1.4079 (20) 0 + 48(sin 9)0 = 0 


For small 9, sin 9 = 0, then 


9 + 17.047e = 0 


2n 2n 

r = — = -p. .. = 1.52 s Ans 

>/l 7.047 


22-35. Determine the natural period of vibration of the 
disk having a mass m and radius r. Assume the disk does 
not slip on the surface of contact as it oscillates. 



T + V = const. 


j = (2r)0 


T + V = - — mr 2 + mr- 0 2 + - 
2 [2 . 


0 = -mr 2 ee+4/b- 2 ee 

2 



0 + - 0 

3 m 


2n 2 7t „ [in 

r = — = —== = 3.85 — 

^ [W V k 
V 3m 







*22-36. Determine the natural period of vibration of the 
3-kg sphere. Neglect the mass of the rod and the size of 
the sphere. 


E = T + V 



|*— 300 mm —4*— 300 mm ■ 


= ^(3)(0.3<?) 2 + i(500)ft, + 0.36) 2 - 3(9.81)(0.36) 

E = 6[3(0.3) 2 6 + 500(S„ + 0.36)(0.3) - 3(9.81)(0.3)] = 0 


By statics. 


0.361 



Datum 

0.36 


3(9.81) N 


r(0.3) = 3(9.81)(0.3) 
7 = 3(9.81) N 
. 3(9.81) 

O.. • —1 . 

500 


Thus, 

3(0.3) 2 6 + 500(0.3) 2 6 = 0 
6 + 166.676 = 0 


to„ = VI 66.67 = 12.91 rad/s 


r 


2tt 


2 JT 

12.91 


= 0.487 s 


A ns 


22-37. The slender rod has a mass m and is pinned at 
its end O. When it is vertical, the springs are unstretched. 
Determine the natural period of vibration. 


7+1/: 


-m(2a) 2 


6 2 + -k(29ct) 2 + -k(9a) 2 +mga( 1 — cos 6) 


0 = -ma 2 9$ + 4ka 1 99 + ka 2 $9 + mga sin 66 


sin 6 = 6 
4 


ma~$ + 5ka-9 + mgaO — 0 


6 + 


/ 151:0 + 3 mg 
\ 4mo 


4 = o 




1 



w.wjr-JETsiiiwr.iikUf.iiW 



22-38. Determine the natural frequency of vibration of 
the 20-lb disk. Assume the disk does not slip on the 
inclined surface. 



22-39. If the disk has a mass of 8 kg, determine the 
natural frequency of vibration. The springs are originally 
unstretched. 



*22-40. Determine the differential equation of motion of 
the 3-kg spool. Assume that it does not slip at the surface 
of contact as it oscillates. The radius of gyration of the 
spool about its center of mass is k a = 125 mm. 



0 is the displacement of the disk. 

The disk rolls a distance s = r9 
Ak=r9 sin 30° 

E = T + V 

= jhc0) 2 + lk[S s ,+9r] 2 - Wire sin30°) 

E = 0(/ /c 0 + kS s ,r + k9r 2 - Wr sin 30°) = 0 
Since kS sl = Wr sin 30° 
t r 2 

£ + 7-0 = 0 
he 


, 1 i , 2 3 •> 

he = +mr “ = -mr 



Kinematics: Since no slipping occurs, so 

= 0.10 hence 


0.3 



Sf = So = 0.30. Also, 

•'F 


= 0 .1 0. 


0.2 m 




E — T + V 

\ ^ ) 7 

Tl m 


E = i[(3)(O.125) 2 ]0 2 + i(3)(0. 10) J + ^(4OO)(O.30) 2 = const. 

= O.O38440 2 + 180 2 
0.07687500 + 3600 = 0 

0.0768750(0 + 468.290) = 0 Since 0.0768750 # 0 
0 + 4680 = 0 Ans 






22-41. The block shown in Fig. 22-16 has a mass of 20 
kg, and the spring has a stiffness k = 600 N/m. When the 
block is displaced and released, two successive ampli¬ 
tudes are measured as *i = 150 mm and X 2 — 87 mm. 
Determine the coefficient of viscous damping, c. 


Assuming that the system is underdamped. 

~te) r 


X] = Dc 


= De^y 


X 2 = De 


(1) 


(2) 


Divide Eq. (1) by Eq. (2) 


However, r 2 — r ( = z t i ■■ 



,-(*> 

_ 

X2 


-e 

<3) 

2 it 

2lT 4 

. Htin 

w<l 



"T _ (*) 

4m n 



Cc 

2m 


h —1\ 


■H0 


Cc 


Substitute Eq. (4) into Eq. (3) yields: 

4m sr 


In 


(!)-(=)■ 


■-HB 


h '(l) 


2n 


(B 


(5) 


(I)' 


From Eq. (5) 

xj = 0.15 m x 2 = 0.087 m — , —- 

V m V 20 

C c = 2 mr«„ = 2(20)(5.477) = 219.09 N • s/m 

In 


: 5.477 rad/s 


( 015 ) 

2tv ( C ) 

V 219.09/ 

V 0.087 J 

/j { c f 


V‘ V219.09 / 


c = 18.9 N ■ s/m Ans 

Since C < C c , the system is underdamped. Therefore, the assumption 
is OK! 









22-42. The 20-lb block is attached to a spring having 
a stiffness of 20 lb/ft. A force F = (6 cos 2/) lb, where 
t is in seconds, is applied to the block. Determine the 
maximum speed of the block after frictional forces cause 
the free vibrations to dampen out. 


F 0 



C = 


j6 

_ 20 _ 

>-(dfe ) 2 


0.343 ft 


x p — C cos 2r 
x p = —C(2)sin2r 
Maximum velocity is 


tW = C(2) = 0.343(2) = 0.685 ft/s Ans 


22-43. A 4-kg block is suspended from a spring that has 
a stiffness of k = 600 N/m. The block is drawn downward 
50 mm from the equilibrium position and released from 
rest when t = 0. If the support moves with an impressed 
displacement of <5 = (10 sin At) mm, where t is in seconds, 
determine the equation that describes the vertical motion 
of the block. Assume positive displacement is downward. 



The general solution is defined by Eq. 22-23 with k& 0 substituted 
for Fa, 


( \ 


y — A sin w„t + B cos a>„ / + 



S = (0.01 sin 4/)ni, hence = 0.01. <u = 4, so that 
y = Asin 12.25f + B cos 12.25/ +0.0112 sin 4/ 
y = 0.05 when t = 0, 

0.05 = 0 + 5 + 0; B = 0.05 m 


y = A(12.25) cos 12.25/ - 5(12.25) sin 12.25/ +0.0112(4)cos4/ 
v = y = 0 when / = 0. 

0 = A(12.25) - 0 + 0.0112(4); A = -0.00366 m 

Expressing the result in mm, we have 

>' = (—3.66sin 12.25/ + 50cos 12.25/ + 11.2sin4/) mm Ans 


jawaTAV i 






*22-44. If the block is subjected to the impressed 
force F = F 0 coscuf, show that the differential equation 
of motion is y + (k/m)y = {Fo/m) coscot, where y is 
measured from the equilibrium position of the block. What 
is the general solution of this equation? 


+ l ^ F y = ma r ; F () cos cot + W — kS s , — ky = my 
Since W — kS st , 




(I) Q.E.D. 


t 

F = F 0 cos cot 


v,. = A sin co„y + B cos co„v (complementary solution) 
y p = C cos cot (particular solution) 

Substitute y p into Eq. (1), 



Fcosto/ 


C co 2 + — ^ cosott - 


Fa 


■ cos cot 



v = A sin co„t + B cos <o„t + ( ————c- 1 coscut Ans 
\(k—mco z )J 


22-45. The light elastic rod supports a 4-kg sphere. 
When an 18-N vertical force is applied to the sphere, the 
rod deflects 14 mm. If the wall oscillates with harmonic 
frequency of 2 Hz and has an amplitude of 15 mm, 
determine the amplitude of vibration for the sphere. 


F 18 

k- — = —— = 1285.71 N/m 
Ay 0.014 

co = 2 Hz = 2(2jr) = 12.57 rad/s 



Sn = 0.015 m 

IT 1 1285.71 


"" _ V m ~ V " 


17.93 


Using Eq. 22-22, the amplitude is 


So 


0.015 



1 _( 12 ^ 2) 2 

1 \ 17 . 93 / 


(. x p ) max = 0.0295 m = 29.5 mm 


Ans 




22-46. A block having a mass of 0.8 kg is suspended 
from a spring having a stiffness of 120 N/m. If a dashpot 
provides a damping force of 2.5 N when the speed of the 
block is 0.2 m/s, determine the period of free vibration. 


F = cv 



Z5 

0.2 


12.5 N-s/m 


<0* 




= 12.247 rad/s 


c c = 2 ma>„ = 2(0.8)02.247) = 19.60 N ■ s/m 


^ ~ (~) = l2 - 247 / J “ (Iff = 9 ' 432 rad/s 


2n 2rr 
TH ~ 9.432 


= 0.666 s 


Ans 


22-47. A 5-kg block is suspended from a spring having 
a stiffness of 300 N/m. If the block is acted upon by 
a vertical force F = (7 sin St) N, where t is in seconds, 
determine the equation which describes the motion of the 
block when it is pulled down 100 mm from the equilib¬ 
rium position and released from rest at t = 0. Assume that 
positive displacement is downward. 


The general solution is defined by: 


y = A sin co„t + B cos co„t + 



k = 300 N/m 


' F 0 N 

k 



/ 

1 i 


r 

T F= 7 sin 8f 


Since 


F = 1 sin 8 1 . Fu = 7 N, a) = 8 rad/s, k = 300 N/m 

IT [300 

w„ = = ./— = 7.746 rad/s 

V nt V 3 

Thus, 


y = A sin 7.746f + B cos 7.746f + 



sin 8/ 


v = 0.1 m when t = 0, 

0.1 = 0 + 8 — 0; 8 = 0.1 m 


y = A(7.746) cos 7.746r - 8(7.746) sin 7.746r - (0.35) (8) cos 8r 
y — y = 0 when / = 0. 

>■ = A (7.746) - 2.8 = 0; A = 0.361 
Expressing the results in mm, we have 


v = (361 sin 1.75t + 100cos7.75f — 350sin8r) mm 


Ans 



*22-48. The electric motor has a mass of 50 kg and is 
supported by four springs, each spring having a stiffness 
of 100 N/m. If the motor turns a disk D which is mounted 
eccentrically, 20 mm from the disk’s center, determine the 
angular rotation to at which resonance occurs. Assume that 
the motor only vibrates in the vertical direction. 



Resonance occurs when w = co„. 

fk {Mm .. 

to,, -J—=J — Yn = 2 ' 83 rad/s 

V ill V 50 


22-49. The instrument is centered uniformly on a plat¬ 
form P, which in turn is supported by four springs, each 
spring having a stiffness k = 130 N/m. If the floor is 
subjected to a vibration oo = 7 Hz, having a vertical dis¬ 
placement amplitude So = 0.17 ft, determine the vertical 
displacement amplitude of the platform and instrument. 
The instrument and the platform have a total weight of 
18 lb. 



k = 4(130) = 520 lb/ft 


3 0 = 0.17 ft 


to — 7 Hz = 7(2jr) = 43.98 rad/s 
Using Eq. 22-22, the amplitude is 


(Sp )„ 


■5o 


(i)' 


fk [520 

Since &)„=/—= / = 30.50 rad/s 

V m 


18 

32.2 


Then, 


(Xp)nwx — 


0.17 


i _ limy 

V 30.50/ 


= 0.157 ft 


1.89 in. 


Ans 






22-50. The fan has a mass of 25 kg and is fixed to the 
end of a horizontal beam that has a negligible mass. The 
fan blade is mounted eccentrically on the shaft such that 
it is equivalent to an unbalanced 3.5-kg mass located 100 
mm from the axis of rotation. If the static deflection of 
the beam is 50 mm as a result of the weight of the fan, 
determine the amplitude of steady-state vibration of the 
fan when the angular velocity of the fan is 10 rad/s. Hint: 
See the first part of Example 22-8. 



, F 25(9.81) 
k — "t ” = 4905 N/m 

Av 0.05 


/ k /4905 

=V~2r = 14 - 01rad/s 


The force caused by the unbalanced rotor is 
F 0 = mrar = 3.5(0.1)(10) 2 = 35 N 


Using Eq. 22-22, the amplitude is 


( X p)max — 


_ ~r _ 

-f—V 

\ 14.01 ) 


■ 0.0146 m 


{Xpinmx = 14.6 mm 


22-51. What will be the amplitude of steady-state vibra¬ 
tion of the fan in Prob. 22-50 if the angular velocity of the 
fan is 18 rad/s? Hint: See the first part of Example 22-8. 


, F 25(9.81) 

k = — = . . . — = 4905 N/m 

Ay 0.05 


k_ _ /4905 


= 14.01 rad/s 



The force caused by the unbalanced rotor is 


F 0 = mrco 2 = 3.5(0.1)(18) 2 = 113.4 N 
Using Eq. 22-22, the amplitude is 


(_!LV 

V 14.01 ) 


■■ 0.0355 m 


(x p )„mx = 35.5 mm 






*22-52. The electric motor turns an eccentric flywheel 
which is equivalent to an unbalanced 0.25-lb weight lo¬ 
cated 10 in. from the axis of rotation. If the static deflec¬ 
tion of the beam is 1 in. because of the weight of the 
motor, determine the angular velocity of the flywheel at 
which resonance will occur. The motor weighs 150 lb. 
Neglect the mass of the beam. 



k 


F 

1 


150 

1/12 


1800 Ib/ft 



/ 1800 
V 150/32.2 


= 19.66 


Resonance occurs when co = co„ = 19.7 rad/s 


Ans 


22-53. What will be the amplitude of steady-state vibra¬ 
tion of the motor in Prob. 22-52 if the angular velocity of 
the flywheel is 20 rad/s? 



The constant value F„ of the periodic force is due to the centrifugal 
force of the unbalanced mass. 


F„ = ma„ — mrur = 



(20) 2 = 2.588 lb 


Hence F = 2.588 sin 20/ 


k 


F _ _150 
<5 ~ 1/12 


= 1800 Ib/ft 


w„ 


jk I 1800 

V m “ v 150/32.2 


= 19.657 


From Eq. 22-21, the amplitude of the steady state motion is 


C 


F a /k 


2.588/1800 

'-C-V 


> ( 20 X 

Vow 


\ 19.657 J 


= 0.04085 ft = 0.490 in. Ans 


iTiTATiTAnT] 










22-54. Determine the angular velocity of the flywheel in 
Prob. 22-52 which will produce an amplitude of vibration 
of 0.25 in. 


The constant value F„ of the periodic force is due to the centrifugal 
force of the unbalanced mass. 


F„ = ma„ = mrco 2 


( 0.25 \ / 10\ , 

-Us) Ur = 0 00647(W 


F = 0.006470£i> 2 sin ( 


From Eq. 22.21, the amplitude of the steady state motion is 


10.006470 (-^-1 
V 1800 )_ 

V 19.657 ) 


a> = 19.0 rad/s 


22-55. The engine is mounted on a foundation block 
which is spring-supported. Describe the steady-state vibra¬ 
tion of the system if the block and engine have a total 
weight of 1500 lb and the engine, when running, creates an 
impressed force F = (50 sin 2t) lb, where t is in seconds. 
Assume that the system vibrates only in the vertical direc¬ 
tion, with the positive displacement measured downward, 
and that the total stiffness of the springs can be represented 
as k = 2000 Ib/ft. 


The steady-state vibration is defined by Eq. 22-22. 



Since F = 50 sin 2/ 


Then F» = 50 lb, co = 2 rad/s 


k = 2000 Ib/ft 


On = ,/ - 

V m 



= 6.55 rad/s 


Hence, x„ 


-(£)’ 


x p = (0.0276 sin 2f) ft Ans 


MMiMUM 







22-57. The block, having a weight of 1.5 lb is immersed 
in a liquid such that the damping force acting on. the block 
has a magnitude of F = (0.8|u|) lb, where v is in ft/s. If 
the block is pulled down 0.8 ft and released from rest, 
determine the position of the block as a function of time. 
The spring has a stiffness of k = 40 lb/ft. Assume that 
positive displacement is downward. 


Viscous Damped Free Vibration: Here c ■■ 


■■ 0.8 lb • s/ft. &>„=/— = 
V m 


Here, — = 

2m 2(15/32.2) 


= 0.8587 and w,i — w„ \ 


(t) = 


9.266y 1 
Eq. [ 1 ] yields 


(~Y 

\ 8.633/ 


: 9.227 rad/s. Substituting these values into 


k = 40 Ib/ft 


40 / 15 \ 

\ 5 p~, 7 = 9-266 rad/s and <-'c ~ 2 mio„ = 2 ( J (9.266) = 

8.633 lb • s/ft. Since c < c t: , the system is underdamped and the solu¬ 
tion of the differential equation is in the form of 

y = D\e~ U:/2 "’ > ' sin(to,,f + 0)] [1] 

Taking the time derivative of Eq. [1], we have 

V = y = D j c -(r./2m)r s m (w r /t +<P) + 0)je~ u 7 J " ,M cos(a>,/t + <£)J 

= De~ (f:,2m) ' |^- ) sin(«vr + </>) + w d cos (to,,/ + <j>) j 

Applying the initial condition v = 0 at r = 0 to Eq. [2], we have 
0 = De ~° J- (~) sin(0 + 4>)+ w, t cos(0 4- <p )j 

0 = D j-^ sin0 +o) d cos</>j [3] 

0.8 



12 ] 


0 = £>[-0.8587sin</> 4-9.227 cos</>] [4] 

Applying the initial condition y = 0.8 ft at r = 0 to Eq. [1], we have 

0.8 = £>k- o sin(0 + d>)| 

0.8 = £> sin </> [5] 


Solving Eqs. [4] and [51 yields 

</> = 85.74° = 1.50 rad £> = 0.8022 ft 
Substituting these values into Eq. [1] yields 

y = 0.802[e-° S59 ' sin(9.23t 4-1.50)1 Ans 


mrnwa^amarsrsrsaaws^i 







22-58. A 7-lb block is suspended from a spring having a 
stiffness of k = 75 Ib/ft. The support to which the spring 
is attached is given simple harmonic motion which may 
be expressed as S = (0.15 sin 2 1) ft, where t is in seconds. 
If the damping factor is c/c c = 0.8, determine the phase 
angle (j> of forced vibration. 


nr 

75 

V m 

( 7 1 

\ 

V32.2; 


18.57 


S = 0.15 sin It 
5o = 0.15, cd = 2 
( 


<p' = tan 


<t>‘ = 9.89° 


OKi) 

-(=)* 


^ 2 ( 0 . 8 ) ( 2 ^ 


; tan 


Y-U) 

V 18.57 / 


f—V 

V 18.57/ 


A ns 


22-59. Determine the magnification factor of the block, 
spring, and dashpot combination in Prob. 22-58. 


°" = \J 


IT 


CO„ = — = 

m 


N 


75 


te) 


= 18.57 


S = 0.15 sin 2t 
Sq = 0.15, (o — 2 
MF = 


1 • 

NL 

MF = 0.997 


( —) + f 2 (~) )1 1 ~ T + [" 2 ( 0 . 8 ) f —^-)1 

\a>nj J L \CcJ\<o n J J ^ [ V 18.57/ J L ’ \ 18.57 J 


Ans 


/■n I ^ 1 1 1 /s i /-\ k-* v i nrtt 








*22-60. The 30-lb block is attached to two springs having 
a stiffness of 10 lb/ft. A force F = (8 cos 3/)lb, where 
t is in seconds, is applied to the block. Determine the 
maximum speed of the block after frictional forces cause 
the free vibrations to dampen out. 

Freebody Diagram: When the block is being displaced by amount 
x to the right, the restoring force that develops in both springs is 


k = 10 lb/ft 


k = 10 Ib/ft 


F = 8 cos 3 1 


Equation of Motion: 


V—I 30 

' 2__, F* = 0; — 2(10x) + 8 cos 3r = ——a 


' 32.2 

a +21.47* = 8.587 cos 3/ 


Kinematics: Since a = —- = x, then substituting this value into F sp - Kb: 

dt 2 -*— 

Eq. [1], we have 

* + 21.47* = 8.587 cos 3r [2] F v= 1 0x 


Since the friction will eventually dampen out the free vibration, we 
are only interested in the particular solution of the above differential 
equation which is in the form of 


Taking second time derivative and substituting into Eq. [2.1, we have 
— 9C cos 3f + 21.47C cos 3f = 8.587 cos 3/ 

C. = 0.6888 ft 


F = 8 cos 3 1 


-- 0.6888 cos 3r 


Taking the time derivative of Eq. [3], we have 


v p = x p — —2.0663 sin3t 


■ 2.07 ft/s Ans 


22-61. A block having a mass of 7 kg is suspended from 
a spring that has a stiffness k = 600 N/m. If the block 
is given an upward velocity of 0.6 m/s from its equilib¬ 
rium position at t = 0, determine its position as a function 
of time. Assume that positive displacement of the block 
is downward and that motion takes place in a medium 
which furnishes a damping force F = (50|u|)N, where v 
is in m/s. 

c = 50 N • s/m k = 600 N/m m = 7 kg 


_ l k 

O n — , / 

V m 


■■ 9.258 rad/s 


c c = 2 into,, = 2(7)(9.258) = 129.6 N • s/m 
Since c < c c the system is underdamped. 



<X>d = (o n . 1 


c 50 
2m ~ 2(7) “ ‘ ' 3 


From Eq. 22-32 
T / c 


I - n 


y ss D \e 


v = y = Die 


-(f > . 

\2m/ sm( 


sin(a),/r + 4>) 


(i) d co s(a>jt + <t>) + 


-f—Vr c , 

v = De v2 m ) |^r o d cos +<(>)— -— sin(ai,j? + <^>)J 

Applying the initial condition at t — 0, y = 0 and v — —0.6 m/s. 

0 = fjfe~°sin(0 + 4>)\ since D ^ 0 

sin 0 = 0 <p — 0° 

— 0.6= £>e~ H |8.542cosO° — 0] 

D = -0.0702 m 

y = {—0.0702[c~ 3 ' 57 ' sin(8.54/)]) m Ans 


(—— ) e ( 2m ) sin(w, ; r + <p) 
\ 2 ml 








22*62. The damping factor, c/c c , may be determined 
experimentally by measuring the successive amplitudes 
of vibrating motion of a system. If two of these maximum 
displacements can be approximated by x\ and x 2 , as shown 
in Fig. 22-17, show that the ratio lnxj/x 2 = 2n(c/c c )/ 
yj\ — (c/tv) 2 . The quantity lnxi/x 2 is called the loga¬ 
rithmic decrement. 


Using Eq. 22-32, 


x = D \e~ 


sin(£o rf ; +1 


then t 2 — ti = 


The maximum displacement is 


so that In ^ 


Using Eq. 22-33. c c = 2mcu„ 


At t = t \, and t = t 2 


x\ = De~ 


W — e>„. 1 




x 2 = De~ 


So that. 


x i De 





Q.E.D. 


Since <ojt 2 — — 2 n 


22-63. Draw the electrical circuit that is equivalent to 
the mechanical system shown. Determine the differential 
equation which describes the charge q in the circuit. 


* ' ft* -‘k 
: s ’ m 


For the block 


my + cy -I- ky = 0 


Using Table 22-1 



Lq + Rq + —q = 0 Ans 









*22-64. The 20-kg block is subjected to the action 
of the harmonic force F = (90cos6r) N, where t is in 
seconds. Write the equation which describes the steady- 
state motion. 

F = 90 cos 6/ 


k = 400 N/m 


F - 90 cos 6/ 


Fo — 90 N, m = 6 rad/s 


k = 400 N/m 


■c= 125 N-s/m 


fk /800 

a>n = = J^r = 6.32 rad/s 

V m V 20 


From Eq. 22-29, 

cy = 2mco„ = 2(20)(6.32) = 253.0 


Using Eqs. 22-39, 


x = C' cos(ce/ — <p) 


<j> = tan 1 ---- 

/ 


125(6) 

-1 800 
1 _ / « ) 2 


i - f-fi-r 

1 V6.32/ 


0 = 83.9° 


/['-(*)']’ + [ 2 (*)(s)]’ 


a- = 0.1I9cos(6/ - 83.9°) m Ans 




= 0.119 


22-65. Determine the differential equation of motion for 
the damped vibratory system shown. What type of motion 
occurs? Take k = 100 N/m, c — 200 N • s/m, m — 25 kg. 


Freebody Diagram: When the block is being displaced by an amount 
y vertically downward, the restoring force is developed by the three 
springs attached to the block. 


Equation of Motion: 


+f£F,=0; 


3 ky + mg + 2cy — mg = —my 


my + 2 cy + 3 ky = 0 f 11 



Here, m = 25 kg, c = 200 N • s/m and k = 100 N/m. Substituting 
these values into Eq. [1] yields 

25 y + 400y + 300y = 0 

v + 165’ -1- 12y = 0 Ans 

Comparing the above differential equation with Eq. 22-27, we have 

fk 

m = 1 kg, c = 16 N • s/m and k = 12 N/m. Thus. to„ = . I — = 

V m 

= 3.464 rad/s. 


3 ky + mg 



cy cy 


cy = 2 moj n = 2(1)(3.464) = 6.928 N • s/m 


Since c > c c , the system will not vibrate. Therefore it is overdamped. Ans 






22-66. The 10-kg block-spring-damper system is contin¬ 
ually damped. If the block is displaced to x = 50 mm and 
released from rest, determine the time required for it to 
return to the position x —2 mm. 



m = 10 kg, c = 80, k = 60 

c t = 2 y/km = 2v/600 = 49.0 < c (Overdamped) 

x = Ae kl ' + Be’ l ‘ 

-c , /7TF F -80 ^ //80\- 60 

X, - ,- 2 m ± ']\2m) m~ 20 ± y \ 20 ) 10 

X, = -0.8377, X 2 =-7.1623 
At t = 0, x = 0.05, x = 0 
0.05 = A + B 
A = 0.05 - B 

x = A\ t e k " + B\ 2 e k '' 

0 = AXi + BX 2 
0 = (0.05 - B)a, + BX 2 

B = °° 5 -- = -6.6228(10-’) 

A, - X 2 

A = 0.056623 

x = 0.056623e" a8377r - 6.6228(10-" 3 )e” 7162V 


Set x — 0.0002 m and solve. 







